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ENVIRONMENTAL PROTECTION
AGENCY

" 40 CFR Parts 141, 142 ‘

{WH-FRL 3956-4]

National Primary Drinking Water
Regulatlons- Radionuclldes ‘

AGENCY: Env1ronmental Protectlon
Agency
‘ ACTlON. Notlce of proposed rulemakmg

SUMMARY' In this actlon under the Safe-
Drinking Water Act (as amended in
1986}, ! the Environmental Protectlon

Agengcy. (EPA) is proposing’

Contammant Level Goals [MCLCS] and

large volume of comments expected to
arrive near the close of the comment
period, and carinot assure that faxes will
be delivered to the docket. Major

. supporting documents cited in the

reference section of the proposed rule
will be available for inspection at the
Drinking Water Supply Branches in
EPA’s Regional Offices listed below:

L. JFK Federal Bldg.,,(One Congress Street, -
_11th floor), Boston, MA 02203, Phone: (617)
" 565-3610, Jerome Healey ' .0

1126 Federal Plaza, Room 82 New York NY
10278, Phone [212) ‘264—1800, Walter
Andrews e

III 841 Chestnut Street Pluladelph.lay PA
119107, Phone: (215) 597-9873; Dale: Long

1V, 345 Courtland Stréet, Atlanta, GA 30365,
Phone (404) 347-—3633 Wayrne Aeronson

V.2308. Dearbom Street, Chlcago,}IL 60604,
Phone: (312) 3532650, Ed Watters . -

VI. 1445 Ross Avenue, Dallas, X 75202
Phone: (214) '655-7155, Thomas Love

VIL 726 Mm.nesota A enue, Kansas Clty KS

5 Ralph -

\gtona‘D ‘ ystal Clty Marnott
1111 ]efﬂfe son: Dav1s nghway,

31, '0r Grégory
Standards

d Water and

0D),

on Agency, 401 M

ICRP: International Commission on
Radiation Protection

MCL: Maximum Contaminant Level

MCLG: Maximum Contammant Level
 Goal .

MDL: Method Detectlon lelt L

Mr/ hr: milliroentgen per hour

“mgd: Millich Gallons/ Day -

mrem/yr; millirem/year o

-NIPDWR: Natmnal Interim Primary

Drinking Water Regulatlon
NPDWR: National, anary Drmklng
Water Regulation'
NTNC: Non-transient, non-
water system
pCi/1: picocurie/liter.

commumty

;POEf‘ Pomt—of Entry Technologles

POU Pomt—of Use Technologles
PQL: Practical Quantitation Level
PTA: Packed Tower Aeration
PWS: Public Water System )
Ra-226: Rad1um~226 CE
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2.Radon
a. Aeration
b. Secondary Effects of Aeratlon Estimate
{ of Risks from PTA Emissions of Radon
G Granular Activated Carbon
3 Uranium = - '
a, Coagulatlon/Flltratlon ,
b.Ion Exchange
¢. Lime Softening
d. Reverse Osmosis :
4. Beta and Photon Emitters
5\ Alpha Emittihg Radionuclides
(’; Wasté Treatment and Disposal
D Analytlc Methods .
1 Description of Analytic Methods
2. Cost of Performmg Analyses
3. Method Detecuon Limits and Practical
Quantltatmn Levels
E. Laboratory Apprpval and Certlflcatlon
1. Bickground -
2. Acceptance lelts for Radlonuchde
- Contaminants
F. Proposed MCLs and Altematlves
Considered .. '
G. Proposed Monitéring and Reporting
Requirements
H. State. Implementatmn
L Variances and Exemptions .
1. Vamances
2. EXempnons }
Jnredsonable Risks to Health {URTH)
3 tice Requirements
¢ Impacts and Benefits
atory Flexibility Analysis
work Reduction Act
ehces
‘ 1 A—Flmdamentals of
Radmactmty in Drinking Water
Appendix B-—-Beta Particle and Photon
Emltters
Appendlx C—Alpha Emitters

I Summary of Toiay s NPRM
App]zcabz]zty

The regulations proposed in this
notice would apply to all community
and all non-transient, non-community
public water systems. The proposed
regulations would not apply to prlvate
water supphes (i.e., systems serving
fewer than 25 persons).

Propased M C'L Gs and MCLs

MCLG | MCL
1. Radium-226..............| zero....| 20 pCir1.
2. Radium-228................ zero..... 20 pCi/1.

| McLG MCL

3. ﬁadon«222

‘ 300 pCi/1.
4. Uranium..............

20 g/ (30 pCi/
1).

5. Beta and photon ‘zera..... 4 mrem ede/yr.
emmers (excludmg
Ra-228). . 1

6. Adlusted gross ‘zero.....| 15 pGi/1.
alpha emitters
(exciuding Ra-226,
U, and Hn-222)‘

Note: EPA - recogmzes ‘that most tadionuciides
emit more than 'one kind of radlatxon as they decay.
The lists’ of .compounds labeled “alpha” or “beta”
emitters -identifies the predominant mode .of decay.

Note: In this, document the unit mrem ede/yr
refers 1o the dose committed over a period of 50
years o reference man (ICRP 1975) from an annual
g\take at the rate . of 2 Ilters of drinking water per

ay. -

Propased BA Ts Under Sectzan 412 of
the SDWA "+ .

Radmm 226/228 Ion exchange lime
; softenmg, reverse osmosis
Radoni‘Aeration
Uramum Coagulatlon/ filtration, ion
' 1 ‘hme softening, reverse

osmiosis

Beta and photon emitters: Ion exchange,
reverse‘iosmoms

Alpha ; mltters Reverse osmosis

Pmpased BA T Under Section 1415 of the
SDWA .

. The same as BAT under Section 1412.
Coagulatlon and filtration and lime
softening are riot BAT for small systems
(those with =500 connections} for the
purpose of granting variances because
they are not technologically feasible for
small svstems

Proposed Comp]mnce Monitoring

(a) The proposed initial monitoring
requirements for radon are:

{1) For ground water systems and
mixed ground and surface water
systems, four consecutive quarterly
samples for-one year, and then annual
samples for the remainder of the first
three year comphance period. States
could grant imonitoring waivers to
systems that demonstrate compliance
withithe MCL reliably and consistently
in the initial compliance period, -
allowing systems to collect only one
sample per three year comphance period
for the remainder of the nine year
compliance cycle. Systems relying solely
o surface water are not required to
monitor for radon, because radon is a
highly volatile gas and is not expected
to be found.in surface water.
Laboratories would be expected to
accurately measure radon down to
levels of 300 pCi/l at the time of
sampling.

(2) Systems that vmlate the MCL
would be required to monitor quarterly

until the average of four consecutive -
quarterly samples is below the MCL

(b) The proposed monitoring
requirements for gross alpha, radium-226
and uranium are:

(1) Three annual gross alpha screens,
to be initiated in the compliance period .
starting January 1996; if gross alpha is
less than the MCLs for radium-226, .
uranium, and adjusted gross alpha,
screening would be reduced to
monitoring.once per three year
compliance period. Laboratories would
be expected to measure radium 226 and -
uranium down to 5 pCi/l and gross
alpha down to 15 pCi/fl: :

(2) If: gross alpha exceeds- the radium-
226 uranium, or adjusted gross alpha
MCLs, sp‘ ific analysis for uraniur .

d/or raditm4226 must be conducted. If

‘ rt-specific analyses show
that: the radium-226-or uranium MCL
was exceeded, quarterly mom ring for
that contamman 51 i

mﬁ 228 are as
I radlum-228
.qulred‘ if the

the state finds that
L,reliably and

arterly and

nanrp with
3ecause




'Propo‘s:ed'\\ll:ulesi .

“only vulnerable systems would be

" required to monitor, no reduction'in
" - monitoring would be allowed. Systems
that violate the MCL would be required
to monitor monthly until three"
" consecutive samples is below the'MCL.
.- (¢) Systems having historical data that
has been collected in accord with the
analytic. chemlstry requirements may
use the data to determine comphance

L Pomt-of _use (POU} devzces, pomt-of
" entry [POE) devzces and bott]ed water

' POE would be allowed to be: ‘used to
achieve comphance with MCLs; ., -
however, POE would not be BAT.

POU and bottled water. would not be
allowed to be used to achleve
compliance with the' ‘howevi
either could be, 4t State iscretion; a

:condltmn oftgrantmg a varlance or

" 'of an MCL:

‘ establlsh MCLGs an, promulgate ‘
natlonal prlmary drmkmg water -
5 fc >

, vels (MCLs] and -
“criteria and procedures to assure a
supply of drinking watéer which

_"dependably complies” with 'such MCLs.

Under section 1412(b)(7)(A), if it is not
economlcally or techmcally feas1b1e to

‘ ascertam the level of a contammant in

the use of a- redt

“Undér section

ty CLGS are non-
alth goals based’_only on

‘(SDWA sectxon
DWA requlres the

water supply
the State does

Section 1415,

clm1gues, or
each

es of section
me time that it
tes a maxrmum
such contaminant.
treatrhent ‘

of sumg variances|iiay vary, °

,‘MCL or treatment techmque

leans for purposes

dependmg upon the number of persons, -
served by the system or for other
phys1cal conditions related to
engmeermg feasibility and costs of
complymg ‘with MCLs, as considered- -
appropnate by the’EPA: The State may

" not issue a variance toa system nntil it

deterrmnes that an unreasonable risk to

‘ health {URTH) does not exist. EPA has

developed draft guidanice, “Guidance in
Developing Health Criteria for .-
Determining Unreasonable Rlsks o

"Health” (EPA 1990k) to assist States in

determining whern an unreagonable risk
0 health exists. EPA expects to issue
final- gmdance for detenmmng when

URTH levels exist later this ye
a State grants a variance,; it must at the
satne time prescnbe a schedule for. (1)
‘oomphance with the NPDWR and (2}

Allmplementatlon of such additional :

control ‘measures as the. State may
requlre L cu e

o Under section 1416( the State may
exempta pubhc water'system froin any
MCL and/ or tréatment technique -

' reqmrement if it finds that: (1) dyeto

compellmg factors (which may: include
economic factors) the'system is unable
to. comply, (2). the systemwas in’
operation on the effective date of the

‘ un'ement -or, for 4 newer: system, that
nore; onable .alternative'source of
drmkm water is avalla eto that
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must adopt among,other thmgs,‘ 1
NPDWRs that arenio less strmgent than
those: EPA promulgates States may also,
at their discretion, adopt standards more
strlngent than the NPDWRs..

- 4; Monitoring, Quahty Contml and
- RecordKeeping

Undet segtic n 1401{1}[D) of the Act,
NPDWRs are to \contam‘ “crltema and

144! (a](‘,l] states that
ho is! a suppher of water

“ealth rlsks of

: ..‘“ Or: »sectlon 1445(a)
ulrement to glve notice to
rved, by the water system.

rators of' pubhc water

he r‘ il
contammjan

apply to a communlty water systems
(CWss) and all non-transient, non-
community public (NTNG) water:
systems

Publrc water systems are defmed in
the Act as those systems which prov1de

ts ‘or rn adv1s1ng

plped water for: human consumptwn and
have atleast 15'connections or regularly
serve at least 25 people Section
1401[1](1)][4) The category “public
water system” is composed of
commumty and non—commumty ‘water
systems. A community water system is.

" one which serves at least 15 connections

used by year—round residents or

. regularly serves at' least 25 year—rormd
residents (40/CFR 141.2). Non-

comitiunity systems, by definition, are
all other public'water systems. Non-

commumty systems mclude translent
systems [e.g restaurants and serv1c:e

wh EPA has defined as facﬂmes that
havé their own water supply and
regularly serve at least 25 nf ‘the same

it 228 at5 pC1/l
ers at’ 15 pCi/l,

es
ya ﬂable

analytlcal methods and freatment .
technologies and sought additional data
and public comment on EPA’s planned
regiilation. This notice builds on and up-
dates the information assembled for the
1986 ANPRM.

The information i in the ANPRM on
oceurrence was estimated from the
nationwide compliance data for the
standards in place, several nationwide
and regional studies, and State data
bases. Although the occurrence data for
uranium and radon’ were not ‘as
complete as for the other regulated
radiénuclides; the available data
showed that uranium, radrmn, ‘afid radon
are seldom fbund together m‘hlgh

ANPRM wa$ published the available

data. mdlcated ‘that‘ radon ‘an

mar zed the types of

tol hem here ‘More
5 may be fotund in
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a. General comments and generzc
Issues. In requesting review of the

- health criteria documents i in‘1990, the
EPA requested the SAB/ RAC to focus
on five questions in their review, in
addition to prowdmg any additional
comments the reviewers believed to be

1. Are the estimaté$ of the absorptlon,
distribution and excretion -of uranium,
when ingested, appropriate and ‘
supported by the data? . :

2. Do the estimates.in the documents
form an appropriate basis for assessing
the risks of directly ingesting water
containing radon?. -

© 8, What is an appropnate bams for
estimating the risks from radonin
- water?

'4; What: relatlve emphas1s hould be

placed on the epldemtology dataand -
3l

& revised
ves 0 the

relevant. The five questions asked were:
_ /Agency’; s choices. ~

: recommendatlons is presented in
- individual criteria doctiments and’
‘ descnbed bneﬂy below: EPA’s adoption

N is substantlally improved, and will

contiriue to udate 'the documents, as

‘needed, between proposal and
‘promulgation of this regulation.

2. Technical decisions contrary to
SAB and NAS recommendations were

_presented without discussion’of

alternatives or )ustrflcatxon for the‘ ’

.EPA Rep]y Detalled dlscus {
prowded in the criteria documen s of

!issues raised by the SAB, as indicated
“for d

ocuméant-specific comments below.
The'basis for adoptlon of SAB a ‘d NAS

of advmejand guidancé has atteiripted
most appi oprlately resolve. potentlally
conflicting recommendations, and
strives to be consistent both mternally
and with’ ‘'other Federal Agencies in'its
assessmerits of radiation risks. ‘EPA’s
modification of the ICRP osunetnc
models is used for assessmg doses and
rigks from radium, yranium and gross

. alpha ‘emltters, and for ¢stimating doses

used in.ca culatmg the'effective dose

equlvalerit which servesas the basis of

andard for beta and photon ‘

about, radon loss from water: durmg

uncertainty associated with this value -
may be great, perhaps a factor of 4
_greater or less than the value chosen.
The basis for this uncertainty
assessment is presented in the revised
yranjum health criteria document. EPA
believes 0.05 to beé.a best estimate for

. the general population, and not 4 highly

conservative value for the 1, factor.

- 2.Do the estimates in the documents
form an approprlate basis for.assessing
the risks of dn‘ectly 1ngest1ng water
containing ‘radon? .

The SAB/RAC urged EPA to better
‘)ustlfy use of a fresh tap water . .
consumption value of 0.66 liters/day, a
value. different than the 2 liters dally
consumptlon usually used in assessing
exposure 1o, drinking water o
contaminants, and other assumptions

’nsmnptton The SAB/ RAC also noted

water. e i
EPA Rep]y Av‘separate do
) ‘ i ¢ the data




_ Federal Reglster / Vol. 56, No, 138 / Thursday, July 18, 1991 /.,

predicted by 2 liters dally consumptlon

'served as a surrogate to compensate for

the lack of a separate inhalation
exposure and risk assessment. Because

_there are data on the transfer of radon
“from water to the indoor air of homes,
‘an exposure assessment by the
.. inhalation route for radon derived from
* ‘water can be made. EPA has estimated
the mhalatlon exposure and risk and the .
‘ mgestlon exposure and risk resultmg

{rom radon in water separately, and
added the two assessments together in
estimating overall risks’ from radom'in
water. The radon exposure pathways
document also describes thé basis for
stunatmg 20% loss of radon from water

'fbefore it is consumed.

3. What is an approprlate basis for
est1matmg the tisks from radonm
water"‘ ‘ ‘

. The'SAB/ RAC asserted that'use of a
genenc tap water.to air transfer factor
overlooks potentlal high radon

- . ¢oncentrations-at the point of release,
+ -such as during showering, and urged

inclusion of such an: exposure "
assessment in the revised documents.
SAB/ RAC stated that all contributions
to total ebcposure should be considered,
and that uncertam‘t:es inall the',
in lust’ dd‘ressed AB/RAC

the:
draft raﬂo !
submltted

’ SAB/

. Health Cr;tena Document ar

of radon with 1ts progeny in the shower
and bathroom, the unattached fract1on,
and aerosol particle size in a shower
and behavior of water aerosols in the
respiratory tract. Modeling does. allow
for risks from showers to be broadly
bounded, and EPA has done so in its
review.. EPA concluded that integrated
exposure and risk estimates developed
from modeled water use through out the

" house (mcludmg showenng] differ only
"shghtly from the results obtamed from

use of- an average water to air transfer

~ factor such as 10,0001 (i.e 10, ooo pCif1
" radon inh water 1ncreases‘m‘d or &ir

levels by about 1 pGi/ 1] based on the

empmcal data ‘

‘In response to the fmal pomt oi the
C, ther

sented:in the draft Radon
nd the draft

assessment Pres

EPA u es the“‘We ;th.of‘epldermologrc
data on human ‘exposure and risk -of

‘ radlogemc cangers,, mcludmg:radmm
dial pamters and epxdemlologlc data on

bone 4 comas resultmg frcm m]ected
Ra—224. L

_The- wtxtch dial pamter data indicate

‘ that the incidence of bone sarcomas

may follow a dose-squared response,
especially at higher.exposures. EPA
policy, supported by recommendations

--of SAB/RAG, is fo assess cancer risks

from ionizing radiation as a linear
response. Therefore, use of the dial
painter data requires either deriving a
linear risk coefficient from significantly
non-linear exposure-response data, or
abandoning EPA policy and. SAB/RAC
advice in this case. Two analyses were
recommended ¥:T] alternahves by the
SAB/RAC, those of Mays'et al. (1985)
and.of Schlenker {1982). Both analyses
used the same cohorts, calculated doses -
and definitions of incidente, and
differed primarily in the statistical
approach 1o deriving a linéar slope that
would'not be rejected by the
epldemlology data. The tWwo resulting
values différ by about 60%. EPA was not
able to' détertnine whethet this degree of
agreement resulted from the use of -
identical data, but took: into account the
caution 'of the BEIR IV Cotiimittee (NAS,
1988) that there was rio unigue way to
derive'a’ linear rigk: coefficient for bone
sarcomas from the dial pamter data.
There are, however, serious problems

uncertamtxes in intake, dieé to variability
in retention of radium and to lack of
measurement of Ra-228. There may also
be uncertamty in these data due to
possible b1as n 1dent1f1cahon and
measurement of workers,. and the lack of
a uniqie way to spemfy the appropriate
extrapolatmn of the obsernved quadratic
response among workers [ thlgh intakes
with knowrl abnormal hoae physiology
toa 11near led response cpnsmtent with
the lack of! observed sarco‘mas among
lower—mtake cohorts. There may also be
probleins ur extrapolatmgl lto continuous
intakes across years fro; a single
intake, and'in assessing laltency and
duration of plateau based on the
rad1um-224 tiata The!di: pamter data
and the issies mvolved; 'extrapolation
are extenswely drscussed; in the Radium
Criteria Document (sectlons IILB, VLB.1,
VIILB.2, IX.A.1 and IX.A.2, Tables VI-1
to VI-3, VIII-1 and VIII—Z) and a
thorough discussion 'of the RADRISK
model has been incorporated (sections
IIL.D, VILB, lVIIIBZ IXAZ and IX.B.2,

Tables III-1 and VIII-3 to VIII-5).
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An alternanve to the dial pamter data
for derlvmg a linear coefficient is the
experience with patients injected with a
short lived isotope of radium. The BEIR
III committee (NAS, 1980) found that
these epidemiology data were consistent :

with a linear relationship betweén dose

.and bone sarcoma mmdence, and
"derived a linear risk coefficient. Because

‘ of the difference i ini the tox1cok1netlcs

~ between the short-lived and the long-
lived isotopes of radiurm;; modelhng is

" required to use the BEIR HI risk .

coefficient. The use of models
mtroduces some uncertamty 1nto the
,assessment of risk but has. the -
advantage that dlffermg patterns of
exposure can be evaluated (e.g..constant .
hfetnne exposure). . -
" The RADRISK model’ (Sulhvan et al,,
1081; Dunmng et al., 1980;.EP. 1989&)
" used by EPA’ to assess rlsk TOm -
radionuclides also allows: caloulatlon of
radiologic doses to.and cancer
organs other than bone, ba:

RADRISK model and assessment of
uncertainties have been added..

5.1s the. methodology for assessing
risks from man-made radionuclides:
{both individually. and collectlvely)
appropriate? . 5

‘The SAB, / RAC urged EPA: to mclude
risks froni'man-made ‘alpha emitters as
well as’beta emitters, urged use of EPA

“official” risk estimates, and urged that

- thé results’be presented without

reference tolikely "egulatory levels.

+ EPA Eep]y EPA has revised ifs risk
assessment numbers to correspond to
previous ‘estimates generated by the
‘RADRISK model ‘nd Wlll mcorporate

y unit tisk'and dose
asses*sments are presented in the

‘ ‘zum crzter)d ddcument 1. The
ent falls to explam selectxve
£t

anaiogy W1th radmm as the basis
[valuatlon of uramum, and the

EPA Rep]y For a numbér of reasons
dls"cussed above, EPA has continued to
rely o6n ltS\I‘ISk model for assessing
radiiim daricer risks, and uses this
approach for assessmg uranium cancer

as appropnate to 0‘ a’m the risk

ate. EPA believes that all emitters
mzmg radiation'are carcinogenic.
has reviewed. and revised a key

parameter value used in this model, the -

fi value, accordmg to SAB/RAC

recommendations, and has also revised

the predlcted rlsks of leukemla, as

described tabove fcr radlum, and the
risks to kidney. These‘revxsmns are
cussed in greater de tail in sections IV.
d d VIII of the revised uranium Criteria
ment

‘ 'I'he uncertamty in the risk
assedsment for uranium. must be

. ,dl‘scussed

| ‘PA Reply: An analy31s of the .
uncertalntles in the uranium cancer risk
estimate has been prepared and is

presented in section IX of the revised
uranium Criteria Document.

3. If amodeled approach is chosen.
EPA must justify selection of the models
and parameter values, in partlcular the
{1 value of 0.20 used in the draft criteria
documerit, and the work of Wrenn et al.
(1985).and Spencer et al. (1990; as cited
in EPA, 1991e) must be addressed
Quality of the data and the posmble

. effect of diet and eating habits on the
‘uptake of uranium must be considered.

‘EPA Reply Asxdlscussed dbove, EPA
has' rev1ewed nd revised the f; value
used in estimating uraniumrisks. The
work of: 1Wrenn et al and Spencer et al.,

absorption
) shonld be

4. Thei issue of sens1t1v1ty of children
to non-cancer effects of radium should
be revised.

Response: This recommendatmn was
followed (sections I1lL. B, VI.C, VIILA and
IX.A.1).
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5. The K AD SK model should be

. described i in.more detail, and the over-

prediction of leukemias, lack of

.prediction of head carcinomas; and
* relative risks of Ra-226 and Ra-228

should be addiessed.

' EPA Reply: This recommendatlon was
" followed (sections IILD, VILB, VIILB.2,
- IX.A:2 and IX:B.2, Tables III-l and VIiI-3

to VIII-5'of the radiuri Criteria
Document). As described above, the
estimates of leukemia risk for radium
226 and 228 have been revised and the
‘head carcinoma risk for radium-226
added, consistent with the - watch dial
lata:*Organ doses:and risks to
bone and othe organs are. also
presented On rev1ew, EPA dlscovered

ld hlgher potency of

ducing bone sarcomas
dialpainters. rélates to

it ke of radmm, and

p]y Parameter values used in
‘documents thave been

s, a separate exposure
nvolves adjusting the

n:
loss of ra‘ddn from'tap water used for
cooking and in other,ways that would
cause, rad h 8 (makmg coffee, tea,

1 e‘Para&tely quant1fy1ng
1nhalat1on exposure from all household
uses of water. The Agency made an
extensive analys1s of the exposure to
radon by 1ngestmn an by inhalation of
radon réleased froni'household uses of
water, including short—term exposure
during showlverm‘g This analysis'is
presented in ar separate document (EPA
1991h) and: *sumrhanzed in the Radon
Criteria Document (sectlons IV.C.1,
1V.C.2, VIII'B 2, IX. A‘3 IX. B 1 and
1X.B.2). b

2. Uncertainties should be dlscussed
particularly of varlabllhty of important
parameters in the risk assessment.

sk downwards to account for

Response: Chapter IX of the Radon
Criteria Document addresses
uncertainties both from the range of
assumptions and models and from
parameter variability.

3. The discussion of radon health risks

should be updated and made consistent '

with the ORP approach, and the
appendix discussions of non-cancer

~ health effects of radiation exposure

should be omitted.

EPA Reply: The discussion of miner
data, including Lubin et al. (1990, as
cited in EPA, 1991c), has been updated
[Radon Criteria Document section
VILB.2) and risks'of inhaled radon decay
products Have been listed separately for
smokers and nonsmokers (sectlons VIC

~ and VIIIB.2, Table VI-1).'Genetic effects

are discussed in the Radon Criteria -
‘Document. (sections VLB.1, VLB.2,

VIILC, IX,A 4 and IX.B.3, Tables VIIi-7
to VIII—Q)’because these may be relevant

defended '

EPA Rep]y This has been done ina
separate’document (EPA 1991h) and
summarized in the Radon ‘Criteria
Document (sechons v. C 1, VIII B. 2 and

transfer tfactor for Waterborne radon
contmbutlon to indoor; air 'radon levels
bep esented ancl defended |

Document (sections IvV.C.2, VIH B 2 'and
lX A3 andJX.B'Z]

‘ yff:’I‘hls has been done in a
Bl “ocument (EPA 1991h] and

] ‘r‘adon ingestion risks is
h Radon Crlterla

jotitsy fls (R1sk Anal. 11:135-
143, 1991] was considered to be the best
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EPA Reply: The Radon Criteria
Document has undergone extensive
internal Agency review to correct
inaccurate terminology. .

iv. Manmade Radionuclides

'Document. 1. The document on

manmade radionuclides used risk-

factors inconsistent with the other

radionuclides discussed here and used

" gn ad hoc extrapolation of risk factors:

based on an assessment of the BEIR V
report that has not been subrmtted for
review by the SAB, in spite of a previous
agreement to do so.

EPA Reply:‘As described above,
EPA'’s established risk factors have been
used in the revised Criteria Document.
Use of risk factors based on the BEIR V
report will be delayed until EPA has
rev1ewed these with the SAB/RAC ina
separate evaluation.

‘2. The evaluation of risks- should be
based -on the IGRP effectlve dose ‘

equivalent concept.

‘EPA Reply: EPA has used its own
dosimetric model (the RADRISK model},

‘based to a large degree on ICRP models

and parameters, in the Tevised criteria
document on beta and photon emitters.
3, The document should define the
poten’ual risks of exposure, rather than
defiite the' regulatory value of 4] mrem

ede/yr k ‘
‘ EPA Reply The revxsed
eri

nary pf the ma]or
response to
ited below.
the comments
s responses is
”ent “Response to
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‘ thelr 'water.

‘ commenters addressed‘

*‘[EPA 1991j) whlch is avallabie in the
.public docket for this rulemaking. 4
EPA received 44 written comments on

the ANPRM. Of the comiments received,

.2 were from individuals, 2 wefe from

Federal agencies, 11 were from States,

" from local governments, 15 were from
‘companies, 4 were from public water
supplies and 8 were from pubhc or,

professional organizations.
'EPA held a public hearing'on *

. )November 13 1986. Representatlves ofa.

professmnal organization and of a

company each made a statement and
two local government representatwes
reported on levels of radlonuchdes in

' Because some of EPA’s xapproaches to
risk evaluation and regulatmn have
been revised since 1986, s6mé of the
comments and issues are addressed
only in the comment' response
document. Those still cons1dered
sxgmficant are discusse i

a. EPA’s propasa] to:
MCL for natural uraniu

(1] Toxmlty Versus Ca‘ mogenlclty

& Effect-Level

is well-estabhs}xed (EPA 1991b). For

. .these reasons, the Agency is proposing

to establish an MCLG for natural
uranium based on it being a carcinogen.
'Uranium also.is believed to be toxic to
the kldneys, and below, EPA discusses
. exposure levels:that would be
considered safe for this adverse effect. .
In setting.a standard, EPA will ensure
. tha' the eventual: MCL is protective for
both the carcinogenic potennal of
uranium and for kidney. tox1crty For the
‘ purposes of this rule the MCL s based

- on wranium’s, _potential for kldney

damiage. . .
Commént: One commenter stated that
information presented at the National

- Workshop for Radioactivity'in Drinking

Water held in May 1983, indicated that
‘ ogemc risks were neghglble from
ur nlum, as. Well as from_,admm and

‘ the 1983 Workshop on,

‘ ‘7*per pCi/l lifetime

_céncer rlsk [Mays t.al., 1985). Since the

Workshop, EPA has continued to

the hazards of all the
thi ‘

. EPA pohcy for regulatmg lcarcinogens in

thie hfetlme

and protectlon
) azard is also

mmm shown to

n <1dney being a
well b below, the

osure of 1,00 pCI/ L
belheved there is no

metal toxmity

““»fEPA Hesponse: | )
cotmmenter is reférring td (Wrenn et al,

. of: dJetary admlmstratlon of uranyl

,‘3 g per gram of

ter. 1s .approximately .

1985) goes on to derive an intake limit
for uranium in-drinking water based on

. the 1 jig per gram of kidney as a no-
toxic-effects concentration level. Using a

'GI absorption estimate of 1.4% for

humans at environmental levels of
.uranium intake, a safety factor of 50,

. and a 1.71 1/day water intake; the study
recommends a 100 g/l 11m1t for uranium -
in drinking water:

Based on evidence from a number of
chronic.and subchromc toxicity studies
with several species of animals, EPA
has identifiéd a lowest-observed-
adverse-effect-level (LOAEL) of 2.8 mg
uranium/ kg/day based on moderately

sré renal damage followmg 30 days

rom this

m hfetlme
phles havmg up to
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. biological effects of all alpha emltters,

" including uranium.

" EPA Response: The BEIR Il report
(NAS, 1980) recommends linear dose

- response curves for use in assessing
risks from all alpha emitters, and as
appropriate for uranium, since it is-an
‘alpha emitter. The BEIR IV (NAS, 1988)

. report makes'no clear recommendation,
but rather discusses the. nnphcatlons of
making different choices among the '
possible alternative approaches

[4) Economic Impact

Comments Two commenters argued
that ‘the cost of freatment for uranjum is

systems, conslder _g the lack of data
showmg that urat

o show.that uf

- radium-228 are not' quahtatlvely

-all 1omzmg radidtion as a’
adequate screntlflc

_ violations were!

EPA Response The Agency does not

‘ ragree that the « database for rad1um-228

ere is sufficient scientific
evidenc that c carcmogenlc risks from

i

dlfferen ¥ om radmm~226 rlsks (EPA,
1991b).

As dlscussed above, and in detail in
thie révised héalth criteria document for
radmm, EPA has classified radium-228
as a group'A human carcinogen.
Radium-228 is a beta emltter‘ that’
irradiates the bone and other organs
where'it is - depos1ted EP s classrﬁed

carcinogen, ‘Use of human epidemiology
data i conjunction with the RADRISK
model estimate the hfetnne jgcancer risk
from rad1um-228 at’ approx1mate1y
3x107° perpCi/L: The epidemiology
studies addressmg tadiuni-226 and -228
dn'ectly dlso. iridicate that two' types of
cancer, bone sarcomas and'head.
carcinomas, are elevated in'persons who
av xposed to 1ngested radium.
al. t1978) compared the

‘f "um—226 and

that radlum 1928 'was

‘ rp inducing bone |
n radium-226. In addltlon,

‘ated that 1nmdence of

i omas were assocrated only

wexpected if
on of radon gds in’ rthe
mast01d air cells and paranasal sinuses
is 1mportant in ‘the etlology bf the
tumork; ' ¢ o

EPA also mclnded radlum 228 in its
NIRS survey 'of ground water systéems
nationwide (EPA .1988b). EPA therefore
has extensive! idaté on the occurrence of
iuth- 28 in pubhc water: supply
ground water,.a$ described/in section IIL

below. EPA alsg has data supportmg the”

analytlc chemlstry methods to
determmb ] pl \ ;

S oupllng regulatlon for
the two’ 1sotop,es ‘and using the 1nter1m
monitoring scheme, about half of actual
not detected since in
most cases onlya gross alpha test or
radium-226 test were done (the interim
monitoring reqiirements only required
radium-228 monitoring whetl'the gross
alpha measurement exceedetd 5 pCl/ 1, 40
i

wastes that arg

. Guldehnes for the
' Water Treatment Wastes«Contarmng

gene ‘t‘ed from treatment. of Water for
radion chdes A total of 15 commienters
discu sed the need for EPA to address

m e
Camments : Commenters urged EPA to
address the issué of dlsposmg radium-
contaminated sludge from lime softening

. treatment uramum-contammg spent

alumina, and uranium-contaminated
sludge from coagulatlon treatment using
alum or'iron salts. .

Commenters pomted out that the
waste streams generated by reverse
osmosrs and electrodlalysm treatments
for uranium could contain triple the
uranium concentration of the. Taw
material, and that a large problem
assocrated with 1 Teverse. Osmosis
treatment for uraniym would be disposal
of large volumes: ‘»of brine generated by
the process a; 1sposal of the uranium-
contaminated galts Temaining| after brine

" water evaporatign. |

EPA Responser At the present time
there are no federal u‘egulatlons -
specifically addressmg the dlsposal of
wastes generated by water treatment
processes on the basis of thelr ‘
radionuclide content. There ate
regulations that apply to dlsposal of
radloactlve wastésin general, and these
wotld apply to drmkmg watel treatment
ddipactive. “

In order to' gulde water freatment
fac1ht1es and’ State and local regulators

toward safe’ waste management
practices for w {tl;eatment plant
wastes containi 1dionuclides above
background lev els EPA has réviewed

regulations-and guldelmes which
address the han dhng‘and d1sposal of
turdlly occrring
‘ ting from industries
other than water treatment

Based on these regulatlons and

nal controls which
would be pert ‘ r drinking water
treatment waste taining naturally-
occumng radicactive contammants at
various. ranges ot ohcentratlon These
gurdellnes are f n

‘1sposal of Drinking

ted in “Suggested

Naturally-Occurrmg Radionuclides”
(EPA, 1990a). ‘

For disposal of liguid wastes, or
brines, EPA suggests discharge to
surfdce watet, dlscharge ‘to sanitary
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"sewer, deep well m]ectlon, or .

" evaporation or chemical precipitation
followed by land disposal, as permitted
by State and local regulations. For

. disposal of solid wastes, or sludges, EPA

“suggests disposal in a municipal landfill,

a stabilized or mshtuhonally controlled

‘landfill, a hazardous waste’ d1sposa1 site,
a permltted or licensed. naturally-

' oceurring or accelerator—produced
radioactive material} (NARM) fac:lhty, or
a licensed low—level radicactive, Waste

" disposal facility (should the waste "

‘become low-level radioactive waste)

The selection of a waste dxsposal option

submltted comments on EPA's proposal

for regulating gress alpha particle

activity.
Comments: A ma]orlty of the.

‘commenters responding to this issue

disagreed with EPA's proposal to -

-regulate gross alpha radiation with an

MCLG and MCL; favoring the idea that
gross. alpha be’ used as a screening
device only.

" In support. of. a MCL, one commenter

asserted than a total alpha activity MCL
. must be promulgated because Congress

mcluded ‘gross. alpha particle activity”
as one of the 83 contaminants specified
for MGL development under the SDWA.
EPA 'Response: Compliance
monitoring has only occasionally
detected naturally-occurrmg
radlonuchdes in drinkihg water other
than radiurn: 226, radium-228, uranium,
22 evertheless, EPA

sence of other: alpha
dmg transuramc man-

aggregate exposure and aggregate risk
L alpha’ emitting radlpnuchdes

‘ igated to 'developar

MCL for gross: ‘alpha emitters by the 1986

amendments to the SDWA, which listed

enters stated

| y occurrmg radlonuchdes
(e. g potaSsl im-40 and carbbn~14) decay
by beta emission.

Another ‘commenter pointed out that
some radionuclides which decay by
processes other than alpha or beta
decay, such as electron capture or alpha

~ emission accompanied by photon

emission, would be excluded by the

_proposed, definition.

EPA Response EPA is proposing to

regulate approximately 200 beta and

photon emitting radionuclides of which
most, but niot all are man-made. EPA
considers an overall MCL for beta and
photon emitters to be more appropriate
than specific MCLs because of the low
posmbrhty of occurrence.

activity wil halso provlde a cellmg on the

ding because

Radionuclides which decay by |
processes such as electron capture or
alpha emission accompanied by photon

. emission would not be excluded from

the definition.
£. Comments on rzsk models used to

 determine estimated risk values. A total

of 14 commenters addressed the .
appropriateness of using dn absolute
risk model versus a relative. risk model,
and the appropriate apphcatlon of risk
values generated by the two' odels

(1 Rlsk Model Selectlon P
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that are mean values as opgosed to
using conservative values.

' EPA Response: In its risk assessments
for radionuclide risks the Agency

- generally does use best estimates rather
than conservative values.

g. Cc..ments on the appropriateness

" of setting one dose equivalent MCL
standard for all radwnuclzdes found in

drmlfmg water.

! A total of 11 commenters- addressed
the appropriaténess of a.combined MCL
standard for all radionuclides found in
drinking water..

.Comments: Most commenters opposed
estabhshmg a combmed MCL for alpha-
emitting. radignuclides for the followmg
reasons: blologlcal endpomts vary

- among isotopes, radionuclides differ
with respect to occutrence and
toxicology; one standard would mislead
the public; and a- combmed stahdard
would require an extensive effort to
perform a dose’ assessment for! each
radlonuchde ‘

One commenteér noted that although it
is conceptually vahd to establish a

would be more di ﬁcult due
analytlcal oosts L

“that a combmed.‘ CL
emlttmg radlonuchdes

Camments A total of eight
commenters felt that EPA should not
establish MCLGs or MCLs for man-
made radionuclides. Seven of these
commenters expressed the view that
EPA should not establish MCLGs or
MCLs for man-made radionuclides
because the presence of these
contaminants in drmkmg water is
generally the result of accidental

discharges already’ addressed by other

federal regulatlons Five commenters
stated their support for the .
estabhshment of non-regulatory Héalth.
Adv1sor1es for’ man—made radionuclides
rather than MCLGs of MCLs.

‘In'suppoit of estabhshmg both an
MCLG 'and MCL for man-made’
radionuclides, two ‘commenters -
proposed“that EPA reqtire mo: iftoring of

res tln rddionu ide contaminatlon of
‘ater supply
T

prlmarlly non—regulatory
reduce the health threat of

mdoor radon1 in air, Radon from soil gas
is the prmc1pa1 source of radon m the air

EPA’s Radon ACUOH act1v1t1es ‘are
comducted under the authorlty f the

(el

Indoor Radon Abatement Act (IRAA)
They include: National and state radon -
surveys to measure radon levels in
homes and schools; the Radon

. Measurement Proficiency (RMP)

‘program, which evaluates radon testing
companies; the Radon Contractor

" Proficiency (RCP) program, whlchtrains

and evaluates radon mitigation -
contractors; the establishment of four -
regional trammg centers across the
country; and the development of model
standards for construction of new
housmg to prevent elevated radon in
new homes.

" EPA has also prepared a vanety of
public information materials to educate
the public about radon and to encourage
people fo test theirhomes and redunce

. elevated radon levels, EPA’s “C' tizen's

Guide to Radon,” (EPA, 1986f) ‘which
recommends that indoor air radon levels
above 4 pCiflin homes be mmgated is
currently bemg updated to in¢orporate
the latest health risk information on
radon from both soil and water, as well
as mitigation- technology EPA also
works with the Advernsmg Councxl ona
national media campaign to motlvate
the public to test homes and fix elevated
levels. EPA also ‘conducts pubho ‘
outreach actlvmes with the A;memcan
Lung Assoola‘aon ona variety of
otreach activmes in States across the
country including medla eveénts and
held durmg Radon: Actlon
Week last October; 1,

Public; 1nformatlo ‘,matemals on radon
testing and mitigation;in the home can
be obtamed" om the Bnatmnal radon

ics ;of Hadzatlan “

The study of radlatlon is a specialized
fic fie much of the public
industry: and public
is regulanon may have

13 smno th fun‘damental concepts
”dla

3“wr““

III Occurrence and EXposure
T ére are approximately 2, 000 known
radlolsotopes or radmnuchdes These
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isotopes emit radiation as they undergo
radioactive decay (alpha particles, beta
particles and gamma rays or photon
radiation). They can be.classified
generally into two categories: natural
and man-made, and are also frequently
categorized by their primary mode of
radioactive decay, i.e, by alpha or beta
or gamma emission. Most radionuclides
are mixed emitters to some degree, and
each has a primary mode of :
disintegration - with some smaller
percentage of the atoms present
decaying by others. The natural
radionuclides are largely alpha particle
emitters with some beta particle activity
from the progeny. The most significant
natural radlonuchdes {as'determined by
their levels of occurrence in-drinking
water and their potenhal to cause
adverse health effects by this' exposure
route) are rad@n-zzz radmm—226
radium-228, anid yranium. Some other
alpha emitting radlonuchdes have

occasionally been found in drinking
water.

In setting drinking water MCLs, the .
agency generally sets individual
contaminant standards. In this notice,
EPA is proposing to set MCLs for the
most prevalent radionuclide

. ¢ontaminants, and standards for broad

categories of other much less prevalent
radionuclide contaminants. Because in
this notice EPA is proposing to set MCLs
near the 10 *estimated lifetime risk
level for the contaminants regulated,
concern about co-occurrence of these
contaminants at the MCL levels arose
(EPA, 1988a). Water supply systems
having two or more of these
contaminants at the MCLs could be
placing their customers at total risk
higher than EPA’s target of 10~ * lifetime
rigk. In addition, co-occurrence of
several that can be removed using the
same tredtment could make removals
more cost-effective. Because the data
examined to date are lnmted EPA

solicits additional data on co-occurrence
to enable a more complete assessment
of the potential for co-occurrence of
these contaminants near the proposed
MClLs.

. The natural radionuclides invelve.
three decay series which start with

-uranium-238, thorium-232 or uranium-

235. These three series are shown in
Figure 1. These are called the uramum,
thorium, and actinium series, '
respectively. Each series decays through
stages of various nuclides which emit
either an alpha or beta particle as they
decay : and ends with a stable isotope of
lead. A number of radionuclides also

.emit gamma rays, which accompany the

alpha or beta decay. The uranium-238
serlesgcontams both radium-226-and
radon-222 in the decay sertes and ends

-with the stable lead-206. The thonum—

232 series contains rad1um-228 and ends
w1th the stable' lead 208

BII‘.UNG‘CODE 6560-50-M e
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'~ Figure 1. Uranium and thorium isotope decay series
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. theére are a.

The man-made radlonuchdes fall into

two subcategories. For those

. radionuclides of an atomic weight hlgher
_ than uranium in the Periodic Table (the

transuranics), generally both alpha and °

_beta particle decay modes occur. By
" contrast, almost no radionuclides below

thallium (A =81) exhibit alpha_ particle
decay properties: They undergo decay
by beta and/or gamma ray emission.

- Of the radionuclides that comprlse the

‘ natural decay series, radium, uranium

and radon are most commonly found at
detectable levels in drinking water.
Many of the. man-made radionuclides
have half-lives t0o short to allow them
to be transported completely through a
drinking water system. (The half-life of

an isotope is the time required for one-

half of the atoms present to-decay.]
However, approx1mate1y 200 man-made
radioniuclides-do have half-lives long -
enough to be‘ onsidered potential
contaminants'in drrnkmg water, and:
reported cases .of high

an-made- and. naturally-
‘nuchdes ate, mcluded as

‘ water systems nat10nw1de Of these,
o approxrmately 48,000 are served

primarily by groundwater, 33,000 of
which serve 500 or fewer people, about

' 10,000 serve people in communities of

500 to°3,300, 2, 400 serve commumtles of .

-3;300 to 10,000, and about 1,200 serve

10,000 or more people. A total of 1,000
sites were selected randomly in
proportion to the number of publie
groundwater supphes in'each category. .

- Approximately 2.1 percent of the
“drinking water supphes in-each size
 !category were selected, {Note: Sample

results for the various- constituents were
reported for 990 of the 1 000 srtes -
selected.} KN -

"The national occurrence estlmates for
radon, raditm-226, radium-228 and
uranium were obtained through 1
statlstlcal modehn cf occurrence

. NIRS Lognormal dlsmbutlons were
‘ com uted for each

( nuchde for each

:mlurn Reportmg Level
€SS than 9% of the

‘ ;;overall
] mng a

(e;g Hess:etlal:, "1
radrum—226 levels. -
The natronalt occurrence estlmates
ed rfrom{NIRS indicate that.
imatel 3&25 000 community and
not transren on- communlty -ground
water supp,hes in the U.S. have radrum-
226 level above 0. 18 pCi/1. .
Approxrmatel‘y 600 of these supplies are
expected to have. radiurn-226 above 5

- pCif1 (half of which serve 500 or fewer

people), and approx1mate1y 70 are

\ i expected to have levels excéed

-pCif1 (20 of which serve: 3,300 or fewer
' people, and 40 of whichiare estlmated to

.:serve 3,300 to 25, 000 peaple). (EPA P
‘ 19911]

‘Based on those occurrence estlmates,
it is also estimated that 3.4'million:
people using ground water systéims are

“exposed to radium-226 levels exceeding
5 pCi/1, and 890,000 are: exposed 1o
levels above 20 pCl/ 1.(EPA, 1991i):

‘Quantitative estimates of radium-226
occurrence and exposure in pubhc ‘water
supplies using surface water sources
could not.be, generated ‘due to the lack of
"comprehenswe natlonal survey data.

- "However, based on the information

dlscussed in Hess etal (1985) qt
- appears reasorn o-conclude that the
overwhelmmg*ma ority of surface water

- suppliés: have levels between 0. 1 and 0.5

pCl/ 1.
B Radmm-228

NIRS [EPA "1988b) reported that
radium-228 was found to exceed the
MRL of 1 pGr/‘l in approximately 12% of
the systems sampled in NIRS. Less than
4% had levels above 5 pCi/1, and the

maxunum vﬁalue reported was 121 pCi /

few ccrrespondmg exposure
s'ar that1.3 mllhon people
' und water supphes Teceive

nd u‘164 000 are expoSed to water
rig 20pCi/1, and about 82,000 are
o water exceedmg \30 pCr/ 1

bn* 19911]

onal occurrence of radium 228'in
ater supplies using surface water
irees. However, Hess ét al. (1985) also
reported thatfsurface waterlevels for
radinm- 228 are Iow in comparlson to

ground watt‘én levels A
C. Radon
1. Occurence

NIRS (EPA, 1988b) reported that radon
was found to exceed the MRL of 100
pCJ/ 1in approxrmately 72% of the
supphes sampled in NIRS: About 11% of
the NIRS systems were found to have
levels above 1,000 pCi/1, and 1%
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mean, usmg a value of 50 pCl/ 1 for those

sites'below the-MRL, was reported to be

648 \pCl/ 1. )
-Based-on the NIRS data, 1t 1s

noncommumty ground Water supplies in
the U.S. have radon ievels above 100
pr/l About 25,900 are »estlmated to

by those with levels: above 1, 000 pCr/ 1
(EPA, 1991i).

Quantitative estunates of the
occurrence of radon in. public'water
supplies using surface ; water sources
could not be: developed due to the lack

of data. However, ‘Ebased on.the limited

, 1nformat10n prov1ded 1 ithe Natlonw1de

Radon Survey it appe ‘;that levels in
such: supphes are very low ‘dompared to
levels observed in'ground water
supphes, (Df 25 surface water systems in
the! 1Natlonw1de Radon Survey for which
data were' avallable, 23 (92%) had levels
below 100'pCif1. The mean | level was 34
pCl/ 1, with-a maximum | evel reported at
240T‘pC1/ 1, The Agency e

datalon- radon levels:
usifig slefétc‘:e watér's
notice be siibmitted, i i such data are
ava llable U S

Radon levels in »ground water can also
vary.on a diurnal or longer:térm basis.
Data on radon vamablhty were '

A‘rev1ew of the monit
fromseveral of the wells used:in the
treatment studles showed ap to 2 fold
varjdations in radon levels at:various

wells over perlods of pne year or less.

. Vanablhty over the;course of & single

day was generally less thanjover the
lcnger periods; EPA'has also funded an
ongoing study by’ the State of.
Copnectlcut to 1nvest1gate the: vamablhty
in radon levels in water.;EPA will
incorporate these results when they are
available.

Because of this varlablllty in radon
levels in water, EPA is proposing more
frequent monitoring for radon than the
other contaminants proposed for -
regulatlon here, but will also allow
averaging of results for determmmg
compliance, as described in'section V.G

: below EPA sohcrts addltlonal data on

the variability of radon'lévels in water,
and on use of these data in establishing
‘comphance momtomng requ1rements

\ 2 Assessmg individual radon exposure

from mhalatlon and ingestion

. Because itis a volatrle contaminant,
radon poses. exposure issues not
encountered ifi estimating exposures
(and risks) for other drmkmg water
contamifiants. In assessing exposure
and risk from radon, EPA has generated
two separate-éxposure (EPA, 1991h) and

risk assessments: (EP “’1‘1991(:) by the

. inhalation and mgestlon exposure

routes.

For other volatlle contammants
‘regulated under the SDWA, EPA has
continued to use its estimate of 2 liters
of ddily water consumption to assess
overall exposure and risk. EPA
estimated that while a volatile.
compound } may. be lost: from water ‘used
for cooking or'to make tea or coffee (and
therefore the ingestion exposure would

be lost), there would be.an mhalatlon

release to the ir [from all water uses in
1dverse health
effects for the VO were »systémw
rather than route' specxﬁc, exposure
route was not ic rltlcal it overall“exposure

161
‘ rmking water
re;: conturued use

”"pro acheg’ o
aVallab le. P,

h

o t 1 o %ln‘ Dhnkmg ‘
Alssessmerit of Exposure Path ays
(EPA 1991h) ec ‘
1mp0rtant fou
in asSessmg radon!
con31dered a Kiiown human caz¢inogen
by both mgestl‘ ind inhalatidh; the
type and qpahty of nformation on
Wthh to bhsd“a k assessmerit is
dlfferent for the tWo routes. Risk of lung
cancer by mhalatxon from radon and its

progeny is based on a series of human
" epidemiology studies, as described

below, and has many elements speclflc

to radon with its progeny in the air, The

target organ for these studies was the
lung only. Risk by ingestion is based on
modeled estimates of radiation dose and
risk to all body organsas a result of
consuming water containing radon.

In assessing indoor air exposure ‘to,
radon resulting from its presence in
drinking water, EPA has used an overall
average estimated factor for transfer of
raden from water to air'of 10,000'to 1
{i.e., 10,000 pCi/l tadon in water

: contrlbutes 1 pCi/l to-air). EPA |

extensively reviewed both the emplrlcal
data‘and the various modelling -
approaches that are available, including
eXposure to radon durmg showering.
EPA's Teview is presented in “Radon in
Drinking Water: Assessment of
Exposure Pathways” (EPA 199111) As
described above in EPA’s reply to
commehts from the SAB/RAC, EPA
concluded that although mass balance
modelmg can be performed for radon
‘owermg "and'other water’ fise,

asses ‘ng msk based on th1s mformatlon
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aeration and agitationof the_ water in

the process of drawing the water and
consuming it. EPA therefore applied a

 correction factor of 0.20 (i.e., reduced by

20%) to fresh, directly consumed tap
water to account for radon loss resulting
from the act of drawmg and drinking the
water (EPA, 1991h), EPA also reviewed
the available data on water Lugeshon

" rates, and presents its analysis in the

background document (EPA, 1991h]
This analysis separately estimates fresh °

) Atap water mtake, total tap water mtake,

radon via mgestmn Bas
analysm, EPA estimated an
direct tapwater intake of 0.65 lite
daily, rounded to 07 liters. Ho¥
EPA has cons1dered its 2.}i
intake to be a “reasona

estimate, and believes

assessing radon’ exposur‘
should be conswtent Wi
in the analysrs, Ershow
(1989) fournd that fresh

-was'55% of total tapwate:
,1'

percentage w1th ithe'

However the percent oceurrence of

these isotopes relatwe to each other is

" not constant in dnnkmg water.
Uramum-238 and uranium-234 are
responsxble for most of the uranium
rad10act1v1ty in natural waters. The
overall activity-to-mass of uramum ratio
for the three natural 1sot0pes of uranium
in rock is approxunately 0.68 pCi/pg
“and is frequently’ ised to estimate the
act1v1ty of total uranium measured as
.mass [EPA 1988b; EPA/ ORNL, 1981).
The 0.68 pCi/ug value is based ‘on"the
natural crustal abundance of isotopes.
“The uramum—234/ uranium-238 activities
ratio of one, that is‘inherent'in this
assumptlon, may not be appropmate for
samples taken' from water. The *-
‘Nationwide Radon’ Survey [EPA 1985a),
which measured uramum as well as
radon, reported a‘range of uranitim-234
to uramum-238 act1v1ty ratlos in water
of 0.7 to 32 With an‘arithmetic méan of
4.4 and a geometnc mean of 2.7. Using
the uranitim-234 to uran1um—238 activity
ratio of 2.7, an overall activity'to.mass
ratlo of 1. 3 pCl/ g Was calculated for

 those'da ifrom ass {p,g/l”‘to chwty

[pCllll

ceed 3(?; pCi/l
‘ ; the ‘systems

dlsopssed‘ in sectrons IV.C.3 and V.F
belo W begdus k1dneyw’t[ox1c1ty may
ooour at lévelsibelotw thé 1074 cancer

risk level. The MCLG is being proposed

as zero, and the relative contribution of
exposure from other sources is not.,
usually considered. However, because

kidney toxicity is the limiting toxic

endpoint.of concern for regulation,
uranium exposure from sources other
than drinking water wds reviewed, to
derive a'relative sourge cortribution
[RSC] factor, to ensure that ‘the. MCL is
setata safe level.
In determmmg how to- cons1der .
exposures by routes other than drinking
water in establishing standards, EPA
flrst srev1ews all relevant exposure data

g %
relative soureew coutrlb on factor,




*". including its method of calculatm and

"beta levels ranged;

-20% and 80%. boundaries..

E. Beta and Photon-Emzttmg

‘ Radzonuclzdes

The avaﬂabrllty of data on the

. occurrence of man-made radionuclides
Jn pubhc water supplies is very limited.

The major source of relevant .
information is the ERAMS .
(Eevrronmental Radiation Ambient
Monitoring System], the data for which
are published in the quarterly ERD

’ (Envrronmental Radlatton Data; as -

reported in EPA, 1989¢) reports. The
ERD reports provrde data on gross beta,
tritium, strdntinm-90, and jodine-131 for
78 sites (all; surfabe watet sources) that
are either major' ‘populati n centers of
selected nulclear facility exvirons.
. The data"presented in the ERD reports
for 1985 thrpugh 198 md' ste that gross
m 0.3 to 17.8 pCi/l,
ge across all three years of
‘ 890) There

with dn ave!
less than 3“pCL/l (EPA.
Ho instances where'

: ge rally fallmg

. Strontium-90
values dld fiot, i ;pCl/ 1, with
typmal values: elow 0.2 pCr/ L

‘Todine-131 levels? all’below 0.4 pCi/

‘e”low 0.1 pCr/l

these data,

hese ireleases are of .
‘ rml(mg water

ifikes orusing aiwater
ffected by nuclear
ile normal releases
oidental or

‘ flrst lo
22. Lead 210; "as not momtored
‘ data on 1ts

PA 1 1g). However, ‘the
T oonc ntration’ ‘estimated

10 m ,ede/yr
{a aily intake) is 1 pCif .
1 oligh to potentlally

eno
lh concern, and below the
l‘oss\beta screel; As
ction. VG below, EPA is
3 {inreg! ‘ted contathinant
hgiof lead-ZlO in, pubhc water
‘ ]
tter. assess any,risk posed
hi pssrble need to

; pplres downstream..

F. AIpha-Emlttmg

Radwnua]zdes o

Gross alpha isa measure of the alpha

particle emijssions

from total non-

volatile alpha emitting radlonuchdes
Singe radium 226 and uranium are alpha
emitters that are proposed tobe

‘regulated separately,

the gross alpha

occurrence 'assessment is ‘adjusted to

eliminate these radlonuehdes.

The term

‘“ad;usted gross alpha represents ‘total
gross alpha measurements less radium

226 ‘and uramum con

tributions. EPA is

proposmg an “adjusted gross alpha”

MCL as & ,means

of limiting exposures to

a numbe of other. radionuclides that do

i

d

uatton

‘te

chirepresents
of 058

not occur £ quently enough 1o warrant
a natlonal:regulatlon but may be present

ese ‘include

ye g proposed ‘
‘ ‘alpha MCL is
al

of the NIRS. (EPA,

base for. adyusted gross alpha
t mampulatmn of three sets of
ross alphaj
Each data set has its own
limit and’ inherentuncertainty,
alysrs of all three data sets

radmm 226, and

nee

inty: of the
the mos ‘mhieaningful
d gross alpha, the

Nere ‘evaluated in terms of a
yorst case approximation,

the hlghest reasonable
alpha GO e‘ntratlons

‘ stimate the
e, because

‘ ack of natlonal data,
s“tlmates \of the ocourrence

| 'gross alpha in surface water

1 es cauld not be: generated .

Jy..As a conservative

qund water occurrence

ere applled to surface

s (EPA, 19911).

the upper: ‘bound

n, 17% of the systems

M IRS reported adjusted

haiabove 2.6 pCi/l, the

The maximum le

orting level for gross alpha.

vel was 94 pCi/l. The

overall mean and median - levels were 2.7

and 1.8 pGif 1
7% reported leve

respeotwely Fewer than

{s above 5 pCi/fl, 3%

reported levels above 10 pCi/l, 2%

reported levels

over 15 pCi/] and only

1% had levels\  over 20 pCi/fl (EPA 1991f).

¥

Nat nal occurrence gstima
on the upper bound epproxxmatmn for
adjusted gross alph dicate about 1200

water, supplies’ :(se‘, ng 5 mrlhon people}

exceeding 5; pCi/fl, 300 systems (servmg

1.8 million people) iexceeding 10 th/ 1,

‘130 systems (servmg ‘900,000 pe 3
15 P

Y
affeoted ats ny of these levels serve
'3300 or'fewe persons, S
EPA“?n‘o’(e wever, that this analysxs
has aln h degree of uncertamty, duke to
i is a s’ sment of the
her. Also, analytlc

over predlo s '
also condu;. ed earch of the

dentlfy reports of

of the alpha e 1tter ih

in pubhc wa‘terfsu plms in some
instances. The mos \frequently oceurring
alpha emitter'was' ‘polonium 210, which
was 1dent1f1%d in und water at: levels

Florida, and :
in a uranium’ nch

Most measuremen [ ‘below rthese
fevels, inthe'1 to 1 i1 }range. Various
radicisotopes th um were also

found in’ ground witet, a lthough most
were af or below{!
granium rich area'g
showed some;: hrgh T
measurements i
plutomum isotopes: ‘{vere
surface waters ‘around’ the colntry,
mostly at levelgbelow 0 0.01 pGi/l. These
levels are most hk lzy ‘ lr‘esent as nuclear
‘fallout from above-éround nuclear
explosions.

Another source of relevant
information is ‘the AMS
[Env1ronmental Radaaltmn Amb1ent
‘Monitoring Systenl) the'data for which

" are published in, thel quarterly ERD.
[Envrronmental Rad1atmn Data; as
reported in EPA, ’1991f) reports The ERD
reporis provrde data on.anumber of
beta emitters as well as plutonmm-zsa
-239 and -240 for 78'sites (all surface
water sources} that are either major
population centers or selected nuclear
facility environs. Average plutomum
levels were generally below 0.01 pCi/l,
although values as high as 0.8 pCl/ 1

i’
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were reported for pluton1um-238 at two

sites. PROACH :FOR ESTABLISHING MCLGs—

TABLE 1—EPA’s THREE-CATEGORY Ap-’

IV. Proposed MCLGs for Radlonuchdes Contmued
A. Setting MCLGs Catégory; : carf%‘ggg&ig via MCLG set?‘ng
MCLGs are set at concentratlon Ievels § - ingestion _ Boproad

at which no known or antlclpated ‘ oo
adverse health effects would o ceur, L PO Ltmgig' deevrlldenoe ngna]pg;%aecéh
‘allowing for an adequate: ‘margin of- ﬁ,e,gm Ofng safety
safety. Establishment:of a specrflc evidence, imargin or

“ MCLG depends on the evidence of pharmacokine: 107*10 107¢
carcinogenicity from drinking water 2,3:023:’9 I }::aa:gc:r risk
exposure or the Agenéy's reference dose- - Inadequaté or no . | RID approach.
(RiD), which is calculated for each | - anifal eV'de"°e .

specific contaminant.
Estabhshmg the MCLG f

}
The MCLG for Category I

ontammants is set at zero because itis
assumed, in the absence of other data,
that there is no known threshold
Category I contaminants are those
contaminants which EPA has_.
determined that there is strong evidence
of carcmogemmty.from drinkingwater
ingestion. If there is ho additional
information to consider on potentlal
cancer risks from drmkmg water

.. ingestion, chemloals classified 'as group
- A (based on sufficient human "
,epldemlologlcal ewdence] or B‘
carcinogens are placed in Category L
Category I contamitiants molude
those contaminants for; pv}uch EPA has
determined there is hmlted evidence of
. carcmogemmty Via drmkmg water

ingestion considering weight o '

4

evidence, pharmic okmetlcs, dand
exposure. If there is nio-additional
information to consider'on. potentlal
cancer risks fron 1,}‘er
mgestlon, chein a]l ‘ ‘ 1;by the
‘Agency as Group

placed in Catego:
contaminants two appr
generally | use
(1) setting ‘t.h‘e 1
carcinogenic endp fD) then
applying an, addmonalf ncertamty
(safety] ifacto ; ‘or (2) settmg
the goal based ] mmal hfenme
cancer, rlsk ca the r ange of

po&nt in EPA’s analy:
cancer clasmflcatlon \

\: .

effects or
Je- of 10"5to

rst approach is
the s'econd is

experunental 14t

: i " quantify the car
s Vi ence Ol ;
; ‘ ", MCLG setting currently’ eval
Category i carcmogemcuty via | *"] by eSS
e - ingestion | approach  M(C
‘;:ZAero. a eg y iII contammants mclude

iy
b\ndence oi' carcmogemclty

evidence,

- pharmacokine- via ingestion. If there is no additional
tics, and information to consider, contaminants
exposufe.. classified as Group D or E carcinogens

are placed in Category IIl. For these

contammants, ﬂle MCLG is estabhshed

using the RiD approach. ..

The cancer classification for a speclfxc
chemical and the reference dose are
adopted by two different Agency groups.

.Decisions on-cancer classifications are

made by the Cancer Risk Assessment.
Verification Endeavor (CRAVE) group,
which is composed of representatives of

‘various EPA program offices. Decisions
" on EPA reférence doses (using non-.

cancer endpoints only) are made, .
through the Agency Reference Dose
work group, also composed of
representatives of various EPA program
offices. Decisions by CRAVE and the
RID groups represent risk assessment
decisions for the Agency and are used
by the respective regulatory | programs as
guidance for regulatory (risk -+ -
management) decisions. Decjsions of
these two groups are published in the
Agency s Integrated Risk Information
System (IRIS]. This system can be

“accessed by the - publi¢ by contacting

Mike McLaughlin of DIALCOM, Inc. at
202»-488—0550, '

The RID'is an estimate, with an
uncertamty spanmng perhaps an order

TN & ‘:no- or lowest-observed-
e t"level {called a, NOAEL or

atlons, hmlted or
u of subchronic

equlvalentdevel ( ‘ EL) is calculated
by multiplying the RED by'an assumed
adult body wei enerally 70 kg) and

then dividing by an average daily water
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consumption of 2 L per day. The DWEL
assumes the total daily exposure to a
substance is from drinking water
exposure. The MCLG is determined by
multiplying the DWEL by the percentage
of the total daily exposure contributed
by drinking water, called the relative
source contribution. Generally, EPA
assumes that the relative source
contribution from drinking water is 20
percent of the total exposure, unless
other exposure data for the chemical are
available: The calculation below
expresses the derivation of the MCLG

) NOAEL or LOAEL/
RD= ——r——r—t—
uncentamty factor

= mg/ kg/é):;n»wel‘ght/‘ @

RfDXbody weight

DWEL% ' dally watell" }:onsumptmn in

day

= mg/L e

MCLG=DWEL X drinking water @)
- contribution :

For chemicals suspected as
carcinogens, the assessment for non-
threshold toxicants consists of the .
weight of evidence of carcinogenicity in
humans, using bioassays i in animals and
- human epidemiological studies as well
“as information that’ prowdes indirect

evidence (i.e., mutagenicity and other
short-term test results). The objectives
of the assessment are (1), to determine
the level or strength of evidence that the
substance is a human'or ammal
carcinogen and (2) to pro,mde an upper
bound estimate of the possible risk of
“human exposure to the substance in
drinking water. A summary'of EPA’s
carcinogen class1f1cat10m scheme (51 FR
- 33992, September 24; 1986) ist

Group A—Human Carcmogen based
on sufficient evidence from
epldemlologxcal studies,

Group Bi1—Probable human
carcinogeri based 'on at least limited
evidence of carcinogenicity to humans.

Group B2—Probable hitman
carcinogen based on suffxclent evidence
in animals: and madequate or no data in
humans.

Group C—Possible’ human carcinogen
based on limited evidence of
carcinogenicity in animals in the
absence of human ddta..

Group D—Not classifiable based on
lack of data or inadequate evidence of
carcinogenicity from animal data.

Group E—No evidence of
carcinogenicity for humans (no evidence
for carcinogenicity in at least two

‘ adequate animal tests in different

species or in both epidemioclogical.and

.animal studies).

B, ‘Esvtima‘ting Health Risks of

Radionuclides

""" During the years since the publication

of the National Interim Primary Drinking
Water Regulations (41 FR 28404, July 9,
1976), which established MCLs for
radium, gross alpha, and gross beta, a
great deal.of additional data and better
understandmg of the risks posed to
human health by the radionuclides
dlscussed in this notice have been
obtained.’ Many of these new data are
presented and discussed in the ANPRM
(51 FR 34836, 'Sept. 30; 1986) and the
health crlterla documents supporting
this. proposal g

Several different approaches have
been used in assessmg the risks posed
by ¢ exposure to, radlonuchdes These fall
into two broad categories: Risk
-assessment based directly on the results
of individual scientific studies of
specnflc compounds {either human

emloloéy stuﬂles or expemmental

assessment for that radlonuchde, or risk

s,’EPA has generally
- dosimetric model approach to
'the radionuclides

an lung cancer rlsk) and

assessmentbbased on dosunetnc models

b

has used spec1ﬁc studles to make
several adjustments to the madeled
estimates.

There are several examples of using
individual scientific studies of specific
radionuclides as the basis for risk |
estimation for those radionuclides.
These include the radium watch dial
painters studies of Rowland et al. (1978)
and the risk assessment developed by
Mays et; al. {1985), ‘and studies of radon
exposure to uranium mine workers. .
They also include a series of studies of
patients injected with Thorotrast, a

‘thorium-based contrasting agent used in
medical radiology, which were reviewed
by the BEIR IV committee (NAS, 1988).
Another approach is combined analysxs
of several studies or. cohorts of miners
exposed to radqn gas, as was done by
the BEIR. v commlttee in assessing
radon lung cancer risks (NAS, 1988).

" In addition, there are several
community; ecologlc stud1es of
exposures fo radionuclides in drinking
water supphes and the'disease rates in
these commumtles However, these
studles do not sho con51stent increases

) es across studies of
de'ds: do the watch
and. the underground

n of possible
&to future research
th”“‘ ugh reviewed in
s, these are not

"’]fl’or radionuclides

er radionuclides
fewer data.

! p veral revisions
toa mode} fof prédicting and controlling

o,
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safety. EPA uses a dosimietric model
that is very similar to the ICRP model in
& computer program called “RADRISK”
‘which uses the ICRP type'models to

estimate risk to the general population |
. .due to environmental exposures, EPA

views use of dosimetric models as a
means of integrating all mformatxon on
the risks posed by radionuclides into a
more complete evaluation of the risks,
and tries to appropriately use all
information in establish‘ingv;the model
parameters. ; .

C. Adverse Health Effect of the
Radlonucbdes ‘

wThe radlonuclldes for whxch NPDWRs
are roposed intoday's Notice are all
classified in Group A, known human
. carcinogens. For radium and radon this
lassification is based on‘direct human
epldemlolog.lcal eVIdence. In the case of

of i mzmg ra ahon to the tlssaes This
is also trie of beta, gamma -and, photon

STRENH
Isotope ,
S

Rn-222 ....1

. Lung cancer ‘caused by inha-
latlon of,, radon and lts
.. shortlived, !
‘decay prox
i lung -~ canc
Ra-226 .....

~ ' paints
Supporting
om studies

Hwnh ‘Ra-226
qogs injected
nd 228

Ra-228.. [ A...

1988: EPA 1991b; 1991c).

| Fodéaral Radgictar | VAl 'RR N4

1 Isotope’™

CINOGENICITY  OF
.. Continued -

. Gancer '
. group

‘Swu‘mmary of pasis

L

Emnssnon of i lomzmg radiation
’ (a!pha, ‘beta’
. gamma radlatlon) by U
) and its decay products. Al-
| though there s fittle direct

Uranium ....

icity; U is found in soft tis-
sues. and concentrates in
kidney and bone: These
body burdens deposit cal-

ing' radiations | in"' hssue

would to an| other Jonizing

- Thése coneluswns afe
¢ Jthe resuhs of

1973 Mynard et“ I
1953 NAS 1988 EPA
‘ 1991e)

Beta/ " | Ao Extensive . human ep|dem|o-
gamma.
irradiated,
show * mcreasmg risks of
various types “of cancers

ionizing- ‘adiati ‘n,«most no-
téb!Y

| 1. Radium-226 and Radium-228

The Agency has plaped rad1um—226 in

Group A based upon clear ev1dence of

| carcinogenicity to hamans and. animals -
| (EPA, 1991b; 1991p). Most information
‘on human health effects of fadlum
‘comes from epidemiologic studles of two
. groups: (1) Radium-dial pamters in the

_ early part of this century who ingested a

|.considerable amount of radlum _paint

[contammg various proportmns of .
radium-226 and rad1um-228 by
sharpemng the point, of the! pamt brush
with the lips and (2} ;patlents in Europe
injected with.a short-hved 1lsotope of
radium, radium-224, for treatment of
spinal arthritis and tubercu1031s .
infecfion of the bone’ (NAS,X1988 EPA,
1991b). Radium-226 and rad1um-228 are
category 1 contamlnants. ‘
Harmful effects of radlum result from
tlssue damage causediby the "
radioactivity of radlum andiits,
daughters (ATSDR, 1990) The. dosnnetry
of radium is controlled by its chemijcal

- and radlologlcal properties, Because

radium is chemlcally s1m11ar to'calcium,

3 itis sequestered in bone; so ingestion or
inhalation over a short period results i in |-

. long-term accumulation. The two.main
isotopes of radium are: radmm—ZZG with

,1" 10 1nn1

HADIONUCLIDES—

and/or-’

evidence, of U carcmogen- '

I culable amotints of |omz- ‘

These tissiies .are expect-
ed! to respond as they,

‘Ioglcal data'i ll" a number of |

. populations |y diym, severpal non-cancer heal

with increasing doses of “‘"

1 Drnnalad Didan

ZZY, WIin a hair-lte ot 5.75 years
(ATSDR 1990). The alpha, beta, and
gamma radiation released by the decay

‘of radium and their progeny cause

ionization of cellular components and

the subsequent death or mutation of
" affected cells (EPA, 1989a).

For about half of known radmm dial

~workers,, radmm exposure has been
calculated from: ‘measured body Burdens

(Rundo et al., 1986). In. most cases, only
rad1um-226 was detected, so that, °
exposure to rad1um-228 is eshmated
from reports of the ratio of radium-228 to

' radium-226 in'the place of employment.
" This ratio vaned both over time dnd

among companies (Sharpe, 1974;

! Stebbmgs et al., 1984). Total; tadium

intake was back extrapolated using the

. Norms retentlon functlon (Norns et al.,
t‘ L

AL hagher levels of exposure
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expected if these cancers are. dueto
‘accumulation of radon gas in the .
mastoid air cells and paranasal sinuses,
because the radon daughter of radium-
'228, radon 220, decays to Ra-224 too
quickly for substantial diffusion to air
- cells (NAS, 1988). In this coliort, a dose-
squared relationship was the best fit of
the data for radium-226 and radium-228
induction of bone sarcomas, while-a
linear relationshiji was the best fit for
radium-226 induction of head
' garcinomas (Rowland et al., 1978).
However, the shape of the dose- '
Tesponse curves are uncertain becduse
“radium intake is not known for about
one third of the cases of bone sarcomas
‘dnd head carcinomas. ' ‘
Patients medically treated with
rad1um~224 a daughter of radium 228,
also show anincreasein bone o
sarcomas, but not head carcmomas

coefflment for bone cancer which
used in the RADRISK model is ﬂenved
frnom data pn exposure 1o ad1u‘m—‘224

[NAS 1980; EPA, 1991b) because actual

‘ radlatlon (EPA,

b

(Mays and Spelss, 1984) These da‘ta are

Posmble correlatlons between cancer
rates and radium in drinking water have
been examined in three studies in the
United States. Petersen et al..(1966)
found an elevated rate of fatalities from

-bone malignancies among residents of

Iowa and Illinois with elevated radium-
226 in drinking water, but the statistical
significance was'marginal and

‘confounding factors could-not be ruled

out (NAS, 1988). Bean et al. (1982) found
an‘increased incidence of 4 out of the 10
cancers ‘investigated among lowa
residents.of small cammunities with
elevated radium-226 content of the
water supply However, confoundmg by
radon exposure could notbe ruled out
and. caricer sites were different from
those.observed in dial painters: bladder
and lung cancerfor males and breast
and lung caricer for females. Lyman et
985 ound a ‘small but consistent

ts and ‘dogs and
SDR, 1990). Evans
bone sarcomas in
osure for 20 days

sure for 2 days to

e sarcomas (kael
b the ‘University of

gnd in premature
of bone sarcomas
‘ d ition to bone

dmﬁl-zza oi‘
et al 1972] and

radium in'drinking
by the RADRISK
or over-prediction
separate predlctlon
by radium-226, and
1 of bone dose and

esponding to lifetime
itaining 1 pCiy! are
1 226:and 3.81x 107°

alternative approach to evaluatmg the
risks of radium in drinking water was
presented by Mays et al., (1985). These
investigators derived linear risk
coefficients from the dial painter’
epidemiologic data, which, as noted
above showed a significantly non-linear
response for bone sarcoma incidence.
Mays et al. (1985) calculated the risks
corresponding to lifetime intake of water
containing 1 pCi/l radium to be 8.4 x
10~# for radium 226 and 8.8 x 10~¢ for
radium 228. The adjusted risk
coefficients used by the Agency in
evaluating the risks of radium in -
drinking water are about half those
calculated by Mays et al. (1985); but are
considered t6 be better estimates
because of the quantitative uncertamnes
in the dial painter datd concernihg
mgested ose, cancer mmdence, and
1

assess r1sks, use of a
extrapolate to low
tment of éstimated
addltlon of the head

o the risk| estimate, and
hetadium-228 bone

b

he Agency’s assessment
ng-water exposure to

exposed to radium-226.
gidence of bone sarcomas

d mortality risk from
on of radium-226 in

of 4.4 x 107¢/pCi/l,

s consumption per day.
ality risk of 107* would
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ex1st at approxunately 22 pCl/ 1 radmm
' 226 in water. .

Radium-228

" » Excess incidence of’ bone sarcomas
among humans occupatlonally exposed
to radium-228. |

* Excess inciderice of bone sarcomas
-among laboratory ammals 1n]ected ‘with
‘radium-228. .

oA calculated mortahty risk from
lifetime ingestion of radium-228 in
drmkmg water of 8.8 x 10~¢/pCi/l,"
assummg 2 liters' consumptron per'day.
A hfetlme mortahty rlsk of 10° 4would

228in water,
2. Radon

" EPA’s primary concern in regulatmg ’
radon in drinking water is risk from
radon reléased from water. to the air in
residences. Inhalation is the primary
exposure route of concerri, lung is the
target otgan, and lung cancer is the
endpoint of primary concern. EPA also
believes that some cancer risk to
internial organs is posed by ingesting
water containing radon, and breathing
radon gas, and has deVeloped
dosimetric models for estimating risks to
internal organs from these exposures
(EPA, 1991c). -

The Agency has classrﬁed radon-222
as a'Group A carcinogen based on

sufficient evidence for a ‘causal -

and lung cancer in humans.(EPA, 1991c;
NAS 1988). In addition,'data from
! studies with experimen
provide sitfficient evide
carcmogemclty of rada
ionizing radlatlon is clas

nhaled, ,absorbe
(EPA; 1991p). .
a. Radon. I‘JS]fS fmm i
Human ‘epldemtologlc
tain f Tom groups o;
metal-ore miners mainl
States- [C‘olora d

[1984ab NIOSH [1987
NAS, (1988) DbE (1988 and EPA -

years‘ s,treported in. EP‘ 19901] As of
1982,it bhlung‘cancer de ths had

increased to 255 compared with about 50 .

expected (Standard Mortality Ratio,

assocratlon ‘between exposure to radon -

\
SMR=510) in a cohort of 3 366 whlte
and 780 nonwhite male miners. The
major weaknesses, of this study are the
great number of mines (2,500) involved

* (some with few radon exposure

measurements) self-reported work

. histories, and }ugh exposure levels. .

The cohort in the Ontario study
consisted. of 15,094 persons who worked
for 1 or more months 4n uranium mines

durmg the 1954—74 period {as reported in

EPA, 19901): Of those with a cumulative
Worklng Level Month’ {WLM)] exposure
of 340 WLM or greater by 1986, 14 cases
of lung er were observed compared
with 34 xpected =(SMR 412) {One
WLM- -of expostre is approximately
equal to belng exposed to radon and its

\ progeny at 200 pGif1 in air for 170 hours,

ars underground (as ‘

EPA 19901] For exposures

TS or longer, the dose-related

¢ inlung cancer had been

id. For exposures of less than

nonlmear relatlonshlp

o that i increasing dose’ (WLM)

d1d not result in incredsed risk. i

was less than 5.6 t0 95 years

‘ear group exposed to the
hlghest level of radon (716 WLM), 82
lung cancers wete observed compared
with'10 expected (SMR= 820) Recently,

-a signifi‘c it excess of lung cancer was

observed in exposure categories below

50 WLM (Sevc et al., 1988). The mean

attmbutable annual cancer risk after

~ abott 30 years of observatiofi-in the

vhole study was approximately-20-

‘periyear per ‘WIM/108 persons,

years «of dge the risk was approximately
30 cdses per year per WLM/ 10¢persomns.
The Malmberget retrospective
mortahty study involved a cohort of
1, 41’: miness who had 'worked
underground foranore than one calendar
:from 1897 to 1976 (as reported in
,19901). Mean exposure of these
mlner to radon was estimated to be
Ms. The major source of
airborne radon and radon progeny was
radon dissolved in groundwater. Excess
lung:(50 observed vs 12.8 expected,
SMR~= 390] and stomach. (28 observed vs
15; xqexpected ‘SMR =185} cancers were
reported "The eXcess risk for lung cancer

first! become evident 20 years after the .

begmmng of underground mining. The
low exposture levels, long follow-up
period, and stability of the work force
are the strengths of this study.

-and/in persons ‘starting exposure after 30 .

The Eldorado Beaverlodge "

, retrospectlve cohort study involved.
8,487 male miners exposed during 1948
't0 1980 (as reported in EPA, 19901). A
dose-related increase in lung cancer was
seen, although no increased risk was
evident at 5 WLM or less. For lung
cancer deaths occurring durmg the 1950-
80 period, 54 were observed in the
mining group versus 28.27 éxpected
(SMR=191). For those exposed. to150
WILM or greater, 10 cases were observed
versus 1.04 expected [SMR 961).

In general, the response in animals to
irthaled radon' daughtersis: qualitatively
similar to that i in humans. However,
species response ‘has varied with"
respect to tumor type and’ latency
period. The ammal studles haye’.

sessmen’cs have been

ntarlo)‘ Whese
h absolute and
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relative-risk projeotlon models.
However, the proportional hazard model
{constant relative rrsk) was selected for
analysis of radon risk in the indoor
‘environmental. It was assumed that the
- lung cancer rate is proportional to radon
exposure and is proportional to the
_ normal lung cancer rate w1thout radon
exposure.
The equation for the constant relative-
risk, proportional hazard mode] is:.
MY = A {1+ [t r(te) R{t,) dtel = 1he
- mortality ) rate at: age,
where:
- Ao(t}=age-specific lung cancer rate at age, t
r(t.)=risk: coefficient at age of
-exposure;t, '
Rit.}= age-dependent exposure rate
T= tlme lag {minimal latency]

A correctlon of 0.8 was used to account
for the other" carcmogens present in
- mines but not present in indoot

bulldlngs: Another ad]u ment of 0.8

] alysesvwﬂh
1989a; EPA.

}dose and r1sk
eSrdences and in
‘bf‘tijt::zil. and thus

@( 87] results
ified by

age radon
‘ Won 1980 U.s.

v1tal statlstlcs and Nero s radon in
residende drstrlbutlon estrmate (Nero et

al., 1986).
EPA estimated the excess llfetlme risk
in the general populationdue to ~* °

constant low-level lifetime exposure,
bised on an average of the BEIR IV and
ICRP 50 estimates and the modifications
discussed above, at 550 arid 190/10 ¢
WILM for males and females,
‘respectwely, or a combined risk of 360
lung cancer deaths /10 & WLM, with an
,estlmated range of 140 to 720 lung

d

o studles by Moeller 'and Underhill

) ‘and O‘akley (1972), whrch

tor of
£ 0.50 was estlmated (EPA
| ‘EPA estimates that 10,000

WL/100 pCl/'lalr) X (10—
‘1/ lwater)) X (0 75) )

he recent report by the
my’ of Science entitled
osimetry of Radon in
les” (NAS, 1991}, on
ational Residential

nd also on comments

May 20} ahd 21, 1991. EPA
at the lung cancer risk |
”don‘by inhalation (based

rll

son the epldemrology : tudles) may be

reduced by-as muchas 30% in the final
revised estimate (EPA, 19911). ‘

As a volatile gas, radon may also be
absorbed via inhalat ion and distributed
throughout the bod posing some rlsk to -
internal organs. The human =

. epidemiology studies donot: account for

this risk. EPA ‘estimated the risk to
1ntema1 organs from inhaled radon gas,’
using the RADRISK model, the 0.75
occupancy factor, an estlmated
breathing rate of 22,000 liters daily

(EPA '1989a) and the 10,000:1 water to

nsfer factor{EPA, 1991h] as
8 deaths pper pCl/ Tyater- Details of
this'calculation are provrded in the”
Health Criteria Document for radon
(EPA, 1991¢).
EPA has; also reviewed information on .
interaction of smokmg and lung
cancer risk from radon: The BEIR IV
committee (NAS.1988) concluded that
the'dataishow a multrphcatwe '
mteractlon between smoking and radon
exposure in causing lung cancer, not an
addltrveunteracuon In reviewing the
relative risks from radon to smokers
EPA, (EP 19901; EPA 1991c) estimated
risk multipliers applicable to the -
populatlp‘ laverage risks for different
categories.of smokers. The categories
include non-smokers, former smokers,
and: current smokers.of dlfferent
nuinbers of cigarettes. For non-smokers,
estimated risks from radon are about
20% of the overall average population
risk; for ‘former smokers, radon risks are
about 80% bf the average risk. For
current smokers, estimated risks range
up/to abput 450% of the average
populatro risk (40+ cigarettes per day),
with a smoker iaverage of 180% of-
overall average population risk. Heavy
smokers «re therefore at considerably
greater risk ffom radon exposure than is
the general popula”uon

b. Radon rjsl; Vm mgestlon EPA’ s

eprdemiologrc data lmk exposure via
ingestion to increased cancer rates.

In the present assessment, EPA has
estlmated the risk from mgestlon of
radon-2221 drmklng water using data
on organdoses recently developed for
the Agengy by Crawford-Brown (1990).
In developing these dose estimates,
CrawfordrBrown used the results of

" biokinetids! studies carried out by’

Correia et al., (1987; 1988) using xenon-
133, & gas! that ‘behaves similarly to
radon-222. Hess and Brown (1991) have
also studled retention and clearance
rates of- radonlgas when mgested in
water, :

e



Crawford-Brown developed

o fljmathematlcal models of the movement ‘

and accumulation of radon-222 within
the various organs of the body following
ingestion. Rate constants for movement
of radon-222 within the various body
organs were also developed. Usiiig these

- models, the concentration’of- radon-222°
“in body organs was calculatéd under -

steady-state conditions. i

EPA used these dose factors, an
estimated 1 liter daily intake of freshly
drawn directly cohsumed tap water and
a 20% correction for radon loss from
water durlng the process of drawing and
consuming a'glass of water (dlscussed in
Section IIL.C above, and EPA, 1991h), in
estimating the risk from ingested radon.
EPA calculated the hfetlme risk from
ingestion of radon—zzz in dnnkmg water
tobe 15X 10'7per pCl/l (EPA, 1990c;
19910] This is about 20%:0f the risk
est1mated from inhalation of radon-222

percent of total indoor air radon is
attributable to radon from drinking
water on average, for: homes served by
groundwater. “The; wNIRS dccurrence
survey showed average radon levels in
dwa‘te‘r supplies to
G/l maxmmm reported
level of 26,000 ( tho‘

by

EPA, 1990ﬂ EPA‘estmtates that
approx1mately 200 (7 &DO) cancer
fatalities. per- year‘ are attrxbutable fo
radon in drmkmg water, 80%, or 160 of
which are estiniated to, be due to lung

canger [EPA 19911). Of

envu‘onment,
dlstrtbutlon jan
of mgested rad

believes the approach’ belected is likely

EPA eshmatbs that approx1mately five

.to have fewer uncertamtles than other

approaches 1o assessing radon nsks

EPA solicits public comment on' its
assesstient of risks from radon in
drinking water. In partlcular, EPA’
requests comment on its estimate of
water contnbutlons to indoor air levels
of radon and- exposure during -
showering, and its estimate of risks due.
to directly ingesting radon in water.
3. Uranium

‘Exposure to uranium (U) is of concern
because of the radioactive nature of
uranium and its ubiquitous Gecurrence
in the environment, including water
supplies. Kidney toxicity and
carcmogemclty are the primary adverse -
effécts of concern associated with
exposure to uranium (EPA 1991¢). EPA
proposes: to regulate uranium at the level

that will be protective of both its kidney

tox1c1ty, and it§ carcmogemc potential
as well, Studies in both humans and
ammals show yiranium toxicity to the
k1 neys.. The EPA has also classified

car' nogen (sufflcwnt evidence of .
ca mogemcity in humans) based on the

. fact that uranium emits alpha radiation,

/ stablished carcinogen {which is
also assified in Group A; EPA, 1991p),
and'uranjum is an analogue of radium-

'well known human: carcmogen in

of urdnium have been
terized based on effécts of

sing rad1atlon generally, the

ldrity of uranium to isotopes of

m and on the effects of high
uranium. Ionlzmg radiation has
la351f1ed by EPA as a Group A

hown ity
lates Pr, ‘arﬂy in bone, and that
réomas may | result from radium

enr ched and 'gh actlvxty 1sotopes of
ura:num have shown: them to be
; icin! mmal studles

ls greater than'0.1; ].LCI/ kg] but
llowmg iinjection of natural
nium (Finkel, 1953); probably

‘ hecpuse radigtion dose levels were '

abotit, 100-fold Jower than the-dose at
which the tumors were observed for

uramum—232 and -233 by m)ectlon ‘

Highly entiched uramum {i.e,, uranium
enriched with the more radioactive,
isotopes). has been shown to mduce
bone sarcomas iri-rats (NAS, 1988).

. Existing human epidemiology data are

madequate to assess the carcmogemmty

‘of uranium ingested in drinking water

. (EPA, 1991e). However, some
~ epidemiological data do suggest that

inhalation exposure to uranium or direct
exposure to uranium deposits may be
‘carcinogenic in-humans. Polednak and
Wilson (as cited in Dupree et al., 1987)
found nonstatlstlcally 31gmficant
increases in cancers of the digestive
organs in workers exposed-fo airborne
uranium, although confoundmg
variables were present(EPA, 1991e).
Wilkinson (1985) reported higher
mortallty rates from gastric cancer in
New Mexico' counties l6cated over
uranium deposits. However, other

: etmloglcal factors (such as radon

progeny and trace elements) may be
ed A

1991e} EPA’S earher draft of thls
docurnent (EPA, 1989f) and earlier risk
assgssment used a gastrointestinal
uptakei(f;) factor of 0.20, which is
revised in thé updated Criteria
Document (EPA, 1990e; 1991e) to 0.05 in
response to comments by the SAB/RAC.
While EPA believes the 0.05 value
represents a best estimate, the wide
range of values reportéd in the literature

. for the uranjum f; (from less than 0.01 to

030} indicate that there may be
- substantial uncertainty associated with
the 0 05 value. The individual studies
eanng on thlS issué are descrlbed in
‘thén pdated Criteria Dociiment [EPA
1591e). EPA solicits publlc comment on
thé issue of the uranium fy value. '~

Using a gastromtestmal uptake (£}
factor of 0.05, risks of fatal cander
est1mated using the RADRISK model
mdlcated that uranium in water poses
cancer risk of approxunately 5.9X1077
per pCi/l, assuming 2 liters-daily intake.
Conceritrations in water of 1.7 pCifl, 17
pCi/l and 170 pCi/l torrespond to
lifetime mortahty risks of approxunately

1% 10_6 1X107%and 1X107%
respectively: :

b. Non-cancer eﬁfects The ma]or
target organ of uranium'’s chemical
toxicity is the kidney (Hodge, 1973;
Leggett, 1989; EPA, 1991s). Based on
avallable toxicity data, rabbits have
been identified as the most sensitive
species {data summarized in Table 3}. In
humans, symptoms of transient
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. transient renal effects, however,

exposed to a mixture of chemrcals, the
ay be
e tox1c actlon of abs bed

UG

uo,(No,L

‘:UF¢

Dog: . | " i
UOF,

Rabbit: .
uo2(Noan

NT = Not tested o .
ND = Not determined. -,

NOAEL =no observed adverse effect level
LOAEL = fowest observed adverse effect level
Sour‘

1

N ephrotoxunty has been reported in
rats, rabbits; and/or dogs fed various
soluble uranium compounds for periods
of 30 days; 1 year, or 2 years (Maynard
and Hddge. 1949; Maynard et al., 1953).
Treatment—related hlstopathologmal
changes were observed: lm the kidneys of
rats fed UOze, UOz[NOa]z' 6H20 and

“H el

b

- ‘Maynard and Hodge (1 949, as cited in U.S.'EPA, 1991 e)

found in the kldneys of rats fed - X
insoluble- -urdnium compounds. Acute (30
day) exposure of rabbits to uranyl:-
nitrate down'to:2.8' mg/kg/day inthe
diet resultedlm renal: damage at all dose
levels’ (Maynard and Hodge, 1949,‘ EPA,
1991s) ,

ST :‘NOAEL "LOAEL
= Compound f,fperceht»r .percent |
. TR &
Uranyl nitrate ! 01 o ‘0.5 ] Body ‘weight depressron, ‘
Uranyl fluoride........ 1 005 ;- 0.1 Body weight depression. e
Uranyl nitrate : 01f " 05 Body weight depression, kldneywclyang
Urany! tetrafiuoride.... by 2 ‘20 |'Bo yweaght depression, kid ney
Uranium dloxude effects W - 20 )

Source: Maynard and Hodge (1949 s cited in U.S. EPA, 1991 e)

ol
o .

The mechanism of action of uranium
in renal toxmty is not fully understood
(Leggett 1989). Nephritis.and changes in
* urine compogition are the primary
symptoms (EPA 1991e)., -
Morphologically, the most evident
changes occur in the proximal.
convoluted tubule of the. nephrons.
Necrosis of the tubular lining occurs
first, followed by a clogging of the
tubules with cellular debris and
appearance of the debris [casts) in the
urine. Regeneration of tubular hmng
cells within 2 to'3 weeks can occur in
nonfatal cases, but the cells are not
normal in appearance. The mechanism
of action may involve interference with
sodium transport across\ membranes,
damage to lysosomes, ot destruction of
functional properties in mxtochondma
(EPA, 1991e).

In addmon to renal effects, anl
studies also'indicate that exposdre to
uranium may be associated with'dermal,
ocular, teratogemc/reproductw ‘
hepatic effects as well as lethah
higher exposures (EPA, 1991e).
I—hstopathOIOglcal changes (dxstortlon of
centrilobular and perilobular zones)
were observed in the livers of rats fed 20
mg (9.5 mg U/ kg) uranyl nitrate. .,

Oral admlnlstratlon of uranium; to rats
and mice has resulted in embryo, -,
lethality, adverse fetal and neonatal

development increased fatal resorptlon, o

reduced fetal body weight and length,

" adverse fnncnomng of the reproductwe

system, and: mcreased number of dead
young/litter! at birth and at lactatlon
(Paternian et al., 1989; Domingo étal,
1989a; 1989b; Maynard et al., 1953),
Brandom et al. {1978) found a significant
1ncrea5e in: ﬁhe prevalence of :

chromosomal‘i‘abétrz‘-l‘tions in uranium
miners as compared;wWIth controls

) i11m/kg/ day,
xic ‘..1ty in rabbits
49; See Table

factor to derN“ ‘
kg/day- (Ec:TPA

/1. |
g 10 set the MCLG at

a “‘liux‘n 8
‘m‘rever, EPA is
MCL because of

! ll i i
carcinoge mt&r

propomngl‘to hl
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- kldney tomclty, because of the low
. carcinogenic potency of uraniaum. EPA
‘ ‘beheves drinking:water MCLs must be
protective of the pubhc against all ‘
_ adverse health effects.
.. There may be ‘several sources of
uncertamty in the ufanijum risk

' evaluatron. These are discussed i in detail

‘i the Criteria Document | (EPA, 1991e),
and are brlefly summarized here: ’I‘hey
include in partlcular for the uramum
cancer risk estimate the f; factor; as well
as the'lack of confirmation of uranium’s’
carcinogenicity in the available

epidemiology studies. For kldney

tox1c1ty, uncertamtles in uramum
expOsures from other sources may lead

jum’ s advefse affects, EPA has
ated all“‘the avallable data and

ngura
EP/ sohclts pu ccomment n'the

. emitters Greiip Ah
Beta and‘phof’ ‘
radlonuchdes that.

‘lanvely
ot 'at' doses

" range of carcmomas and sarcomas.
. ‘Many forms. of cancer have been. shown

’ “yleld d lowered cancer risk,'
- rlsk coefflments from A—bomb

rates) w1ll probably not underestlmate
«risk from low-LET i ‘

to be induced by radiation. (ICRP,1977;
NAS, 1990] ‘The. epldemlologlcal basis

" for I'lSk estlmates specrﬁc to irradiation’
’have ‘been réviewed in detall in’BEIR IH
“(NAS, 1980) and by U.S. EPA (1989a)

Singe the available ‘data suggest ‘that

! lowered dose rates of low-LET radratlon ’

o

the: gaStromtestl
s a

:‘pCL/l that correspond to4 mrem ede/

EPA, 1989a:). This risk factqr is an age-
adjusted estimate for cancer resulting

" from low-level, whole-body, low-LET

radiation. At'an exposure rate of 1.
mremjyear, based on the above risk
factor, and-a lifetime of 70.7 years, the
lifetime probability (P) of a radiation-

.. induced fatal cancer is 2.8x107% per

mrem ede per year. For the purpose of
setting standards, the EPA generally
considers allowable values for lifetime
risk to lie between 107¢and 10”4 A
lifetime cancer risk of approxrmately

11074 corresponds to 4 mrem'ede/yr:

ppendix B lists the concentrations in

year for’ each beta emitter, assuming

: hfetlme mtake of 2 11ters of water darly

i eleased durmg alpha
‘ ‘A carcinogen (EPA,
as a class, alpha

ttmg ’radmnuchdes
‘as knoWn human




._Federal Register / Vol. 56, No 138 /. Thursday, ]uly 18, 1991 / Proposed Rules

s e
TR AR i

than 0.1 pCi/fl) concentrations in

" i 2drinking water (See section IILF).

. As for the beta and photon emitters,
‘"risks from ingestion of alpha emitters
can be evaluated using a modelling

‘approach, combined with radionuclide-

specific-epidemiology or animal studies
"-where available. Despite differences in
radiation type, energy, or half-life, the
health effects from radiation are
.identical, although they may occur in
'different target organs and at different
activity lévels. Nonstochastic:effects
‘oceur at relatively high doses’ of
‘Fadiation but not at-doses of typical
environmental exposure and regulatory
interest. For a stochastic effect sich as
cancer, the. probablhty of theeffect .
" increases with increasing dose, and it is

assumed that-a threshold does not exist.

'I‘he cancers produced by radlatlon
cover the full range of carcinomas and
sarcomas; Essentlally every, form of

or‘éans (EPA
c ba fo

T

approach W111 prov1de the best estimates
of the hazards posed by, these
contaminants (EPA, 1991a)., '
Polonium-210 is in the uranium-238
decay series, and is the daughter of

"'lead-210, the first long-lived daughter of

‘radon 222, The BEIR TV (NAS 1988)
report reviewed the available literature

on polonium. Polonium was reported to .
cause lymphomas in mice, and various

soft tissue tumors in rats given '
polomum ‘In addition, a number of non-
neoplastlc adverse effects were reported
in test-animals, mcludmg ‘sclerotic’
changes in the blood vessels, atrophy of
the seminiferous epithelium and
hyperplas1a of the interstitial [Leydlg]
cells in'the testes, and other effects, but
all at relatively high doses. Effects in
exposed humans mcludmg hematologlc
ges; 'nipalrment of the liver, kidney
and reproductive organs, were reported
by the BEIR TV committee. The BEIR v

estlmatmg risk. EPA, as di
S| RADRISK modelwlm ]

ost reported bolom
range of 1 to 10" pCl/l (EPA,”

IV commlttee also reVIewed
nformatmn on the adverse
honum. Sub tantxally better

erent metabohc
‘st,‘ and‘ would

lEPA estimates that the. vanous thorium $

1€ ’ba51s of

1) !
1sotdpes N

deterimne)d that the! RADRISK modelllng

m‘, " N\v\ ‘ ) w

isotopes pose lifetime cancer msks of
1X10*at drinking water, concentrations
rénging from 50 pCl/ Ito apprommately :
125 pCi/l (EPA, 1991&) Most reported |
thorium occurrence in‘drinking water °
was at levels near 1 pCi/l (EPA, 1991f)..
Plutonium is widely presentat very ...
low levels in the environment, largely as
a result,of atmospherlc nuclear weapons
testmg from 1945 to 1963. It is also found
in nuclear power, reactors and could be :*
releasedin the event of an accident. The :'
BEIR IV committee reviewed avallable .
data on plutomum and other Coa
transuranics: They concluded that " .
studies in animals clearly, lndlcate bone, .
liver, and lung, by mhalatlon] cdncers .
caused by platonium expgsure. : f
However, avaﬂable {and hmlted] human
epldemlology studles» 1ave not yet
as i

—exposu e rrsks EPA has used its

RADRISK model to ‘assess plutonium
nsks The RADRISK xnodel estlmates

approxxmat& :
drinking wate aiitne] ;
of about 7: pCl/‘l or | the dlfferent

Es unated nsks for these and other
; \j‘ mitting: compounds can be found

‘ y?be several sources of
uncertamty in the alphas risk

ion;, These are discissed in detail
ia'Document {EPA, 1991a),
ﬂy summarized here, They
idértainty in the metabolic
ludirig absorption, distribution
oshmet vy, and the risk coefficients

alculatmg nsk Whlle there

avella"ble dita and beheves the
approao‘ selected is. hkely to have
1C tatntles than other

‘\of risks from alpha emitting
el es in drlnkmg water.

- D. MCLG Determmatzons

For the réasons stated in the
precedmg sections on health effects and
risks (e.g., the fact that all of these
raduonuchdes are Group A, known

human carcmogens) and based on the

Agency s pdhcy of setting MCLGs for
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- vknown or probable human. carcmogens

" ""at'zero, the Agency is proposing fo set.

""MCLGs of zero for radon, radiurn-226,
. radium-228, uranium, and alpha and
;_‘;beta particle and photon emitters.

.2 Proposed Max1mum Contammant
Levels "

‘Summary af the Praposa] . o

The SDWA directs thef»,Agency to set
an enforceable standard fora . -
contaminant (MCL) as close to the-
health goal for the contaminant (MCLG)
as is “feasible”. Feasible is ‘defined as
the use of the:‘best: technology,
treatment techniques and other friéans

which the Administrator fmds * . *.* are”

. -available {taking costinito |, ' .

conmderatmn]” {Section. 1412(b)(5) JIn-
determining MCLs, the Agericy .!-
cons1ders a-number of facto

capable of i‘emowng the e
identifying those that:
removal fefflo;onc;es,

EPA s focus on affordablhty for large
systems in the past is consistent with
statements in the 1974 House Comn:uttee
Report

"In detemnmng what, methods are. generally
avallable, the Administrator is, directed to
take costs into account, * * * It is evident
that what is a reasonable. cost for alarge
metropohtan {or regmnal] public-water
system may not be reasonable f ’
‘system which serves relatively. few users.
The Committee believes, however, that the
quahty of the Nation's ‘drinking relahvely few

uders. The Committee believes, iowever, that

‘the quality of the Nation’s dririking'water can
only be upgraded:if the'systems which .
prowde water to.the public are organized as
:to be most cost-effective. In general, this
means larger systems are to be & couraged
and* maller systems dlscouraged For this
Teason, ‘the Committee mtends that’ the

are generally avallable
count} is to be affordod by

[0. 931185, A Legls]atwe
of the Safe Dz'mkmg Water Act,
3 second sessmn, pp 549—550

s drmkmg water problems,
ive hlstory mdlcates that
anted to. encourage cost-
ss, but thought that

g consolidal ‘of small

fator Durenbergerkstzited that the
nts were not an mstroctlon for the

eatment
 best avm]able
his i P

ext of the largest supply

e

56287 (May 21, 1988).

i However, EPA beheves that, in context "

the 1986 Durenberger floor statement

_was not in fact intended to preclude
consideration of cost-effectlveness, as

opposed to cost-benefit analysis.?
Nowhere in his floor statement does
Senator Durenberger reject
considerations of cost-effectiveness {as -
opposed to cost- benefit] in settmg
MCLs. On the contrary, later in the same
ﬂoor statement, Sefiator Durenberger
refers to: consxdemng cost-effectiveness
with approval in.the context of using
granular activated: carbon (GAC)

. techniology to establish MCLs. 132 Cong.

Rec. 56294, EPA believes that it would
be anomalous and contrar‘y to. |
Congressmnal intentto sanction usmg
cost effectlveness con31derat10ns ‘in

ual‘ egxslators,
not' Feffectlvely

Continued
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in setting MCLs, EPA is-specifically
‘instructed to “tak[e] costinto
_consideration” in determining whether a
" "technology is available.

. EPA does not believe that Congress’s
instruction to take economic costs into

. account in determining whether

- technologies are available was intended
to preclude consideration of economic
cost-effectiveness in determining which
* technology, or level of technology, is

" “best.” As a matter of the ordmary

or levels of control achieve comparable
or' nearly comparable results, but one of
them is much more efficient or cost-
effective than the other, the more
wasteful and expensive one could
hardly be said to be the “best.” -

‘This plain language mterpretatmn of
“best” avallable technology as .
'”perrmttmg some weighing of economic

costs is reinforced by the fact’ that EPA
has construed “best available
technology” requirements in'
en‘vrmnmental st;"atutes' to en
cost‘-effectweness but génerally not
cost—beneflt conmderatlons For
: example, EPA has Jlong mterpr ‘
| - “best" available ‘control technoli
Lo purposes of the PSD prog

effectlveness conslderatl‘
1979a, unreaso qble vadver

1n;p ]
T atlve to. others,

t of faclhtatlng

pohcy, itmakes

tlple MCLS based
5f th

‘Drmkmg

g ‘d“
standaids irésults'obtainable in
thé-felid; the laboratory

precludmg conmderatlon of economics

meaning of language, if two technologies

v rall safety of

md1v1dua1 See for example 40 CFR part
300 (National Contingency Plari), 40 CFR
part 61 (Benzene NESHAPs, 54 FR
Contmgency Plan}, 40 CFR part 61
{Benzene NESHAPs, 54 FR 38044,
September 14, 1989), and 52 FR 25700-
25701, July 8, 1987 (Final VOC MCLs). If
cost-effectiveness could iotbe
considered, EPA would be required to
set each individual MCL at the limits of

‘technology that could be afforded. This

does not necessarlly maximize the.
overall health benefits to the drinking

‘water supply as a whole. The limited

resources which are “‘affordable” would
achieve-greater health benefits for .
people served by the: drmkmg ‘water

supply 45 a whole if these resources are
d )

Indeed in,prior SDW w

‘faot taken oost-effeotlveness mto

,settmg MCLs for certam

w1thout extensive dlscussmn, 52 FR

25699 (July 8, 1987), since failure to do so
‘ ad to absurd results b

‘ for the four’
ve the*greatest

radmm 226 and

e Agency
s descrlbed above.

exposure, or internally when ingested or -
inhaled). These individual contaminants

" may be viewed as vehicles for internal

delivery of that ionizing radiation to
different parts of the body Indeed, the
Agency has classified ionizing radiation
{as well as the individual contaminants
proposed for regulation here), as a class
A carcinogen. This classification applies
to alpha, beta'and photon, and gamma

. ray emitters. It is therefore possible to

make comparisons of either the
radioactivity in water or removed from

water (in pCi or uCi), or the radiation

dose delivered by each of the
radionuclides in terms of “rems ede”.
Rems ede are a way of normahzmg for

. different radionuglides the radiation

dose to the body takinginto account the
effect’of different types of jonizing
radiation on tissue as well as the
distribution of dose’ [largeiy determmed
‘by metabolic destination of the .

_radionuclides) 1n\the body-of the
. mgested or mhaled radlomichde These

rad1o ct1v1ty of the effectwe dosé of
1omzmg radlatlon that can. be achleved

A oo
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radon poses the greatest nsk ona natlon
wide basis of any of the radionuclides
found to occur in drinking water (EPA,
1991i). Accordingly, the Agency first -
.. determined the approprlate MCL for
m‘radon
" In determmmg what radon MCL to
propose, the Agency-evaluated the
availability and performance of the .

' various-technologies capable of
removing radon: Based on this
evaluation, the Agency determined that
only aeration Ffulfills the requirements of
the SDWA s best avallable technology

radon could theoretlcally be reduced to
100 pC1/ 1or lower in most water supply

dthat. these cpsts are

w:of the substantlal

Fmally, the Agency estimated the
health risks at ‘the 300 pCi/llevel t6 be a
lifetime risk of. approx1mately 10-*(i.e.,
2X10™%): The Agency.concluded that
this level Would be. adequately
protective of public health since it is
within the target risk range of
approximately 10~ % to 1075 .

Takmg these factors inta account, the
Agency is proposing to set the MCL for
radon at 300 pCi/l

Radium and Uranium

Rddium 226 a;ld 228 and uranium are
also naturally occurring contaminants.

‘The Agency also.es’

Although they are less prevalent than
radon, they are present in a significant
number of water systems. The total
person-rems ede and associated
population risk attributable to these
contaminants collectively are much
lower-than for radon alone, although in

some communities individual risks from

these contaminants exceed the target
risk range. The Agency.identified
several technologies that are highly

efflment in remonng radlum ‘226 and 228

ated tojaile
than 5 pGi/l (see se ion V.B below)

5] ished PQLs for
] for

these three radi

smallest systems. T
both. uC1 and rems:

proposed standard :
8300 \uC1 annually |

1l In dontrast,
> levels, 150

at the technwally fea
uCi, representlng 88,0
radium and uranium

removed and 5 fold per‘rem removed
greater than that for radon treatment.
The Agency concludes»that the cost of

level is disproportionate to the cost of
reducing radioactivity and rems'ede by
removing radon. The Agency does not
believe it would be reasonable to select

- MCLs that would impose such

disproportionate costs.

" Since it is not cost-effective to set the
MCLs for radium and uranium at:the
technically feasible levels, EPA
examined alternatives at the 10~*
lifetime individual risk level, which are
approx1mately 20 pCi/l for radium 226,
20 pC1/ 1 for réédium 228 and 20 ug/1 for
uranium, “These levels dre less costly but
still agsure that persors served by
public water systems will not be-
exposed toa greater tll*an approx1mately
1Xx10™* I‘lSk In addmon the uranium

below the 1074 hfe i me nsk level for
uranium. For dnnkl : water Y
contammants E !
risk range for carcinog; {after+.
regulation) at 10°*to 10" exceds
mdxvtdual risk from hfetlme exposure
and-theréfore cotisiders'att
i8] oxnnately 10 *risk protecnve of
pubhc health. Based on these " .
con 1derat10ns, EPA propos‘ to set the
MCL for radium 226 at 20 pGi /l for
radium 228 at 20 pCi/l, and tranium at
20 Pgl 1 ' :
Following is a detailed discussion of
the factors considered in. developlng this
proposal.

regerence

A. BATs and Associated Costs

Section 1412(b){6) of the Act states
that each national primary drinking
water regulation which establishes an
MCL shall list the technology, treatment
techniques, and other means which the
Administrator finds to be feasible for
purposes of meeting the MCL. In order
to fulfill the requirements of section
1412(b)(6), the EPA has identified best
available technologles (BAT) for each
radionuclide covered in this proposal.

Technologies are judged to be BAT
based upon the following factars: High
removal efficiency, general geographic
applicability, cost, reasonable service
life, compatibility with other water
treatment processes, and the ability to
bring all of the water in a system into
compliance.

Table 5 summarizes the BATs
identified by EPA for the removal of the
subject drinking water contaminants,
and their respective removal
capabilities.

Table 6 shows theoreucal technology
limits of BATs. The achievable effluent
concentrations are based upon
maximum removal of influent levels
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from the NIRS survey data and -
. maximum demonstrated BAT removal

rates. PWSs applymg these BATSs will
not need to design’ treatment systems to

achieve these estimated low effluent
concentrations.

TABLE 5. BAT CONTAMINANT REMOVAL RATES !

- 1. T ] " Reverse Coagulation/
Contaminant .lon exchange | Lime softening Aeration osmosis filst;ration

Radon ‘ ‘ Up t0 99.9%
Radium (226 and 228) 80-97% | 75-95% . o 87-98%, |- .
Uranium ) - 65-99% | 85-99% | 98-99.4% ° 80-95%
Beta Emitters o o ‘ —_—

—Cs-137. '95-99% . 90-99% |

—I-131 ‘ eeeeiieminens et 90-99%

—Sr-89..... : ; . feredbadeenaen - 95-99% | 90-99%!

‘—Mlxed commercially produced radronuchdes Vead ’ 2 90-99% ] ‘96—99%‘;

anormatlon regardin
supplements to each T&G,

removal effncuencxes, ‘test conditions and nother ‘factors are . contamed in the EPA Technology and Cost documents T
i.ey, for uranium, radium, radon and manmade radionuclides (EPA, 1984b; 1985b; 1986b; 1986c, '1987b 1987c, 1987d; 1988e).

2 Mixed bed or two bed (anlbnlc/catlonlc) exchange resms Removal rate does not mclude 1-131.

'

TABLE 6. —TECHNOLOGY LthTS FOR

HADIONUCLlDE REMOVAL
Cgr;tn%r,m-‘ Greatest | Maximum . | Achievable
Technolo- | Percent Influent | effluent
gy‘(BAT) 1 removal ' {pCi/) . ‘,_(pCIII)
Radon .||, !
Aeration.. 99.9 126,000 | 26
Radium- "' ! .
97 151 0.45
95 15| 0.75
98 15 | 0.30
97 12 0.36
95 12 0.60
98 12 0.24
99 88 09
99 88 0.9
99 88 0.9
- 85 88 4.4
Beta) -
Emitters
Two bed
fon
. oex-
* change ©99 * *
RO ........... 99 b *

1 Maxmzum fevels in groundwater sources of drink-
ing water as reported in NRS,
. Note IE {ion exchange); LS (lime softening); RO
{reverse osmosis); CF (coagulation/filtration).
Source: (EPA, 1984b; 1985b; 1986b;

{ 1986¢;
1987b 1987c; 1987d; 1988e).

The total costs for the removal.of
speclflc radionuclide contaminants,
using the proposed BATS, are
summanzed in Table 7. Tables 8 and 9
display the total capital cost and annual
operation. and maintenance costs, N
respectively. Costs cited in Tables 7, 8
and 9 are based on treatment conditions

 that would; require ‘removal of fairly high'
levélsiof contammatlon. The assumed

removal ratés are as follows: 50 percent
for radium; 80 percent for radon; and 60 -
cént forwranium. The general
assumptions used to develop the

treatment costs include: chemical costs,

‘ cap1tal costs amortlzed over 20 years at

ate 1986 power and fuel

‘ costs and tabor rates (EPA, 1984b; 1985b;

987b;-1987¢;1987d; 1988e).
vdluated here assume the
existence ol‘f‘ o residential POE water
treatment such as water: softemng for
aesthetic reasons: which might -
mmdentalh ‘

 for very small water: systems
Al of tHe small system treatments for

&C) and cost

radionuclides, and also other
contaminants, are included, and
verifying treatment costs is tne element
of this study. EPA will make this study
available to the public when it is
completed. EPA solicits public comment
and data on treatments that:may be
especlally well suited to small systems
and any treatment systems des1gned for
small systems, including data on
treatment efficiencies, adaptablhty of
designs to different size systems, and
cost to install and operate treatment
systems desxgned for small pubhc water
suppliers.

Costs may vary significantly from
those shown, depending on local
circumstances. Costs of treatment will
be less than shown on Table 8 if
contaminant concentration levels
encouniered in the raw water;are lower
than those used for the calculations.
However, costs of treatment will be
hlgher if additional treatment.or storage
reqmrements need to be satisfied. The
costs in Tables 7, .8 and 9 do not include
those attributable to the treatment and
disposal of wastes generated by water
treatment plants. Waste disposal
techniques. and assomated costs are
discussed in section C followmg a
dlscussmn of‘BATs

TABLE 7. —T OTAL PRODUCTION COST OF CONTAMINANT REMOVAL BY BAT 1 NOT INCLUDING WASTE By-PRODUCT DISPOSAL CosT
(DOLLARS/1 1, oo ] GALLONs LATE 1986 DOLLARS),

. Population served ‘
|
Y 1. 25-100 | -100-500 | 500-1,000 | 1,000-3,;300 %’:885 >1,000,000
Radium {50% removal):
lon exchange . 2.60° 1.50 0.90 0.58 0.33 0.17
" Lime softening, new 6.40 3.00 1.30 0.67 0.54 0.16
Lime softening, modified 3.50 1.70 | 0.78. 0.39 . 011 0.01
Reverse osmosis : 5.10 4,00 2.70 2.30 1.30 0.72
Radon (80% removal): ’
Packed tower aeration 0.94 0.50 0.26 0.18 0.07 0.05
Uranium (60 removal): ‘ .
Coagulation/filtration, modified N - 4.40 2.10 0.83 0.38 0.10 0.02
lon exchange ........ 3 4.10 270 1 2.00 1.70 1.10 1.00
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TABLE 7.—TOTAL, PRODUCTlON Cos1' OF CONTAM!NANT REMOVAL BY. BAT ! NOT INCLUDING WASTE BY-PRODUCT DISPOSAL CosT
(DoLLArs/1, 000 GALLONS LATE 1986 DOLLARs)—Contmued

Populatlon served ‘ B r

‘ B ‘ 25-100 |' 100500 | 500-1.,000 | 1.000-3,300 33005 .| :>1.000,000
Lime softening, modified ... ‘ : 42107 ¢ o8 . 020 0.03
Reverse osmosis : 470 ., 850 .\‘l‘.50 . 0.89

‘Notes: ‘ ‘ i ‘ L
1 Technologies and cost documents and cost supplements for, radlum, radon, and juranium, (EPA 1984b; 1985b 1986b; 1986c~ 1987b 1987¢;. 1987d 1988e).
form the basis  for, costs Costs were fevised in May, 1990 to account tor new system level' treatmient deslgn tlow‘ dopted by P 1990d).
TABLE 8. —-CAPlTAL CosT oF CONTAMlNANT RemOVAL BY BAT ‘1) .
AR v L
S (K‘ fo: Dollars, Late 1986 Dollars), ‘“i o
‘ 3 Population served "~
R T 300 4,000,000
25-100" | 100-500 | 500-1,000 | 1,000-3,300 3 =
Radium (50% removal): Y
fon exchange 36 91 | 280
‘Lime softening, new. T794 130 240
.1 Lime softening, modified 33, 74 200-
‘Reverse 0Smosis... -51 160 820 |
Radon (80% removal) 1 1. .
. Packed tower aération 15 | 33 |+ 78
Uranium (60% rémoyal): Ve
Coagulation/filtration,. modlfned i 271 55 130
 .lon exchange : a1 100 . 310 |
'ILime softening, modified 43 91 220
Heverse 0SMOoSIS........ : 64 200 ‘9‘60

o Notes

1 Technologies and cost documents :and cost supplements for. radlum, radon, and uramum (EPA, 1984b; 1985b

« form thel basis. for costs Costs were revised  in May, 1990 to -account for new system level treatment des

b;19866; 1987b; 1987c;
T ﬂows adopted by EP.

a -3,300~ i~
. 25-100 100-500 000—3 300 10000 >1,000,000

Radium (§0% removal): 0 ’

. lon exchange 1.1 28 17 43 . 13,000

; Lime softening, new 38 1 28 | 73 9,700

'Lime softening, modified 3.2 6.4 95 9.1 1,100

Reverse osmosis 45 16 100 200 50,000
Radon (80% removal): ° ‘ N

Packed tower aeration.. 0.2 | 0.6 .31 78 3,400
Uranium {60% removal); . . .

Coagulation/filtration, modified 5.7 | 12 16 14 1,400

lon gxchange : 34 12 110 ~ 250 95,000

Lime softening, miodified Lo 35 T4 13 CE 3,200

Reverse osmosls ) , 8.1 - 18 120 230 59,000

Notes

1Technologles and cost documents, and cost supplements for radium, radon, and uranium (EPA, 1984b; 1985b i 986b 1986c, 1987b;" 1987c, 1987d 1988e),

form the basis for. costs Costs were' revnsed in May, 1990 ro account for new system level treatment des n' flows adopted by EPA- (E

B. Best Available TechnoIog'les '(BAT s} *

1. Radium-226 and radium-228. The
Agency proposes that of the -
technologies capable of removing
radium from source water, lime
softemng, ion exchange and reverse

- osmosis fulfill the SDWA requirements

as BAT for radium removal. While
radium-226 and radium-228 are
radlologwally dlfferent they are
chemxcally the same, Therefore, the
same BA’I‘s, w1th ‘the samé removal
efficiéncies, apply to both. All of these

. supplies and are compatlble with other.
. water treatment processes currently in

‘,f\;‘

"technologtes have demonstrated high
radium removal éfficiencies and have *

" been determined to be of low cost for

" large public water systéms. All of these

technologles are currently available and
have been installed in pubhc water

use. The full range of technical

capability and unit costs for each of the ‘

proposed BATs for radium removal is
summanzed in the EPA publication,
“Technologles and Costs for the ‘
Removal of Radium from Potable Water

PA, 1990d).

Supplies” (EPA, 1984b) and the
) supple mentary cost document. for
radtum (EPA, 1987d). Treatments
apphcable to smaller systems have also
been 1dent1fxed (EPA, 1988g; 1988h)
- aime softenmg Lirie softening is
: )capable of achieving removal .
,effiménc:es for radium of 75 to 95
- percent. At optimum pH levels (between
10 an( 10.6) removal efﬁctenotes of 94 to
95 per"ent can be achieved. Lime
softemhg can also be used to reduce
‘TDS, turbldlty and heavy metals as well
as radium and total hardness. The
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estimated cost for an existing lime
' softening system to be modified to

remove radium ranges from $3. 50/ 1,000
gallons treated for systems serving from
25-100 persons to $.01/1,000 gallons

. treated for systems serving more than
,11,000,00‘0 persons. However, if a new

lime softening plant was built to remove
radium its cost would range from $6.40/

11,000 gallons to $0. 16/ 1,000 gallons for

the same system sizes.
Fora, ntrhty planning to use or

‘ currently using lime softening

technology to remove radium, waste
disposal concerns deserve ample
consideration, Radium-226 and radium-

" 228 cohcentrations in lime softening
.. sludge have been reported by Snoeyink

etal. (EPA 1985d) to range from about 1
to 22 pCi Ra-226/g and from 2 to 12 pCi
Ra-228/g dry solids. Extended sludge
drying in an 1mpoundment may increase
the dry/'solids content o 70 percent or .
redter; with a correspondmg increase

1dge contammant concéntration.
Backwash waters may contain radium
congentrations of 6 to 50 pCi/1. (EPA,
1985(:1)

b, Jon exclzange Cation .‘exchange
systems are capable of removing from 80
to 97 percent of radium from drinking
water. Estimated costs range from $2. 60/
1 oob gallons treated for systems serving
25—;100 persons, to $0. 17/ 1,000 gallons
tre;li difor systems setving over
1,000,000 persons. for removal of radium
from ground watet. Ioniexchange
softéning systems are adaptable for both
large and small systems, and are
acqeptable as either a new:installation
or an add on to an’ exrstmg faclhty
Sodjium cation exchange resins and ion
exdhange equipment are readlly
available commercrally leshed
(“seftened”] waters may bhe corrosrve to
distribution system materlals ‘However,
a by 'pass of some unsoftened water,
blended with the, frmshed water, may
prof;‘\:nde adequately protectwe levels of
cal‘ giumiicarbonate;, reducrng;the finished
water corrosivity. Disposal of' :
concentrated wat e brr es ontammg
relatwely hlgh
should be glven

l” ch
7't6 98‘p" reent of

for3‘tiesalrnatro
of OO‘and 425

" capabiliti

both larée and small systems. If
operated to remove 50 percent of the

influent radium, costs would range from

approximately $5.10/1,000 gallons
treated for systems serving 25100
persons to $0.72/1,000 gallons treated for
systems serving over 1,000,000 persons.
If removal of TDS is also a goal, then
using reverse osmosis is a very cost -
effective solution in the removal of
radium from ground waters.

RO performance is adverse]y effected
by the presence of turbidity, iron,
manganese, silica or scale producing -
constituents in the source water. If
pretreatment is notalready in place to
remove these constituents, the cost to
install the pretreatment facilities may be
an 1mportant factor. Disposal of waste
brine, the reject flow representing 20 to
50 percent of the feed (source) water,
and the quantity of available feed water
to accommodate thrs technology, would ,
reqmre consideration by a water system
in its initial evaluation of alternatrve
technologres for radmm removal.

2. Radon. The Agency proposes that,
of the technologiés capable of removing
radon from source water, only aeration
fulfills the requirements of the SDWA as
BAT for radon, removal, Aeration has
demonstrated radon removal
efflclenme in excess of 99.9 percent.
This’ technology is currently available,
has- been mstalled in public water -
supphes, and is compatible with other .
water treatment processes in different
regions. Thie full range of technical
‘for this proposed, BAT is
discussed in the EPA technologles and
costs document for radon (EPA, 1987h),
and summarized below.

Granular activated carbon (GAC) can

" also rembve radon from water, and was

evaluated as a potential BAT for radon.
he long empty bed contact
ed for radon removal renders
or large’ mumcrpal
ystems, and it is therefore’
‘ed a BAT for radon.

n. Aeration techniques for
don from drinking water

e processes such as diffuse
acked tower aeration (PTA),
tion and free fall, with or
aerators, and passive

as free-standing, open-
vater for reduction of
eduction by decay (into

include
aeratlon,

rn torage tanks and in
hith distribute drinking
g radon by approxrmately

BAT for meetlng the
dn MCL due to high
icigncies, its relatwe

s

simplicity as a technology, relatively
low cost and ease of operation,
availability, and compatibility with
other treatment processes. The aeration
technique that a system chooses for
radon reduction will depend upon

source water quality (including radon

and other contaminants removed or
otherwise affected by aeration),
institutional or manpower constramts,
site-specific design factors, and local

‘ preferences

The ¢osts associated w1th the various
technological options for radon
reduction, such as packed tower
aeration (PTA) and diffused aeration

" installatiohs,’have been examined (EPA,

1987b). Nmety-mne percent: reduction of
radon by PTA is estimated to cost from
$1.20/1,000 gallons treated for very
small systems whrch serve 25 to 100
persons, to $0. 07/1,000 gallons treated
for systems serving 1; 000,000 persons.
Elghtyr percent; reductlon of radon by
PTA rs estlmated to range frorn $0.94 to

PTA provrdes the most efficient
transfer-of radon from water to air, with
the ablhty tp'remove greater than 99
percent of radon from water. A supply
which requires a smaller reduction of

-radon, for example 50: ‘percent could opt

to install PTA and treat'50 percent of its
source water and subsequently blend
the’ treated with raw water, or it may
design a shorter: packed tower to
achieve comphance w1th the MCL.
Other adva‘ntag‘ of PTA include:
remoyadl'of hy og n sulflde, carbon

A

al or'radon at
ies. However, field
rmed by EPA,

et al. (1989; 1990),
‘cy.bof‘ :aeration for

which verify the effi

radon i meval‘

"¢olumns have
:“t pfﬁment form
oval, PTA is

eX‘ ting basms
‘ ffnsed aerator
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installation; no paeking media costs; and

reduced pumping requirements. The
Radon Technology and Cost document

. .{EPA, 1987b) summarizes the case study

‘of a full-scale diffused aeration plant in
‘Belstone, England which was built to
remove influent radon, and provided
long-term removal efficiency of 97
percent. The disadvantages of: diffused -
aeration‘include the requirement for
increased contact time, the.
1mpractlcahty of large air-to-water

radon from water The 1evel of contact

‘ packed tower aerator 1s dlfficult to

obtain'i m ] dlffused air system. The

ratios because of air pressure drops, and
" overall less efficient mass transfer of

options whxch may be su1table for small

water systems, and which may cost less
than the above options to install and

operate (Kinner et al., 1989; 1990}. These ‘

options include: Open air storage, free

fall with nozzle-type aerator, bubble '

aerators, and slat tray aerators. With 24
to 48 hours detention, open air storage
may reduce radon levels by 30 to 50
percent; a free fall of 2 feet with simple
nozzle attachment was found to reduce
radon by 65 to 75 percent with 8 hrs
detention time; and a-two foot free fall
into a tank equipped with garden. hose -
{punctured) bubble aerators, supplied by
a laboratory air, pump, yi 1ded 85 t6 80
percent radon reduction with 8 to 12.
hour detentlon time. The above-

study concludéd that very
‘ uction can be
achieved by sunple aeration
technologms that may be easily apphed
in ,mall communities.

EPA has developed cost estlmates for
b

for: small systems that may need partlal
radon removal to meet the drinking

r MCL::Cost estimates for small
fis mstalhng 9-h0ur storage /

ﬁ”ééts of aeration:

notlce contams a
radon concentrations
er by setting’an MCL,
‘proposmg aeratxon as

rom 'PTA ‘emissions of

In one evaluation of risks associated .
with potential radon emissions from
aeration of drinking water (EPA, 1988c),
EPA used radon data from 20 drinking
water systems in the U.S. which,
according to the Nationwide Radon
Survey (EPA, 1985a), contained the

" highest levels of radon in drinking water

and affected the largest populatlons
and/or drinking water communities.
EPA’ estimated the potential annual
‘emissions (in pCi radon/ yr). from PTA
treatment facilities, assuming 100
percent radon removal, and ‘these were
applied to approprlate dispérsion
models. Estimates were made for the
followmg ‘arameters A1r dlspersmn of

vegetables, dose rates to organs and
estlmates of fatal cancers to exposed
persons withir ‘
the whter treatment facilities. Estimates
of 1nd1v1dua1 rlsk and numbers of annual

.exposure analyses o
of model;plants, loca
suburban and rural setti
scaled to evaluate‘a.h
(A similar approach!] ‘has
the Agency in assessin

‘associated

-~ with dispersion of.coal and oil

combustion products
The risk assessme
systems indicate- thelfollowing: A
highest maximum- hfet risk to
md1v1duals at one system of 4 X 1075,

results for the 20

- with a maximum mmdence at the same
* location of 0.0060 cancer cases per year;

“‘1 cancer cases for
/vt .and a crude
: cases/year

anlestimate of ann
all.20 systems of Q)
U S. estlmate ofO 4 ;

S AT 20 SITES DUE TO POTENTIAL RADON EM[SSIONS FROM PTA UNITS AND CRUDE ESTIMATE OF

- US Riskt

[ . - Concentra- | Emisispigly_z Ma;:fr;num “Cancer
Scenario . .fion in water | from ' .
. oy i und«vndual -.cases/year
’ {pCi Rn/1 )7 (Cl ‘ Rn/yr) | risk
. o ’ i 0 e 3
20 Facilities: } I .
t 1,839 2.79 6 X 1077 .0003
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TABLE 10 —ESTI

U S Rlsxl—Contmued

\ITIAL RADON EMISStONS FROM PTA UNITS AND CRUDE ESTIMATE OF

' Maximum

- Concentra- Emission . :
. - y . life, - Cancer
Scenario -tion in water | from PTA g :
‘ | @GN | (iR Indvidual. | cases/year
2 5,008 | 6.22 0008
3 ; © 2,175 285 | 0004
[ 1,800 | .20.89 0004
5 J 1,310 | | 1.87 .0000
6 \ 1,320 | - 9180}, .0040
7 4,085 ' 226§ - .0001
8 10,640 |- s 1.18 .0000
9 30834 ‘i 058 e .0000
10.... J 3,270 | . 904h 4 X . D060
1. . 2,565 | ” 0023
i 4,002 © 0001
13 16,135 | 0001
14.., : 3,882, 0000
15.., 1,244 | 0001
16 : N 2437 | - 0000
17 : ] .0oo8
18 ‘ 0000
19.. -0000
] 20... .0000
" All 20 faciities.. \ 016
All U.S. drinking water plants 4
o . 2
09

1 Estimatés of risk assessed using AIRDOSE-EPA, RADRISK and DARTAB air dispersion and fifetime risk computer codes (EPA, 1988c).

Numerous assumptions were applied
in conducting the above analysis, -
including the following:

s PTA treatment applied, removing
100 percent of radon;

« typical (not site-specific)
meteorology is used at the model plants,
and flat terrain is assumed;

& 1980 census data were used, with
people located in “population centroids”
representative of census districts; ,

& 70-year residency at same location,
and exposure to air and radon emissions
persists throughout 70 yrs.; '

~ additive impact of exposure to
emissions from more than one plant
emitting radon was not accounted for.

To further investigate potential health -

risks due to PTA radon emissions, EPA
used the MINEDOSE model developed

to determine compliance of radon point

sources regulated under EPA’s
NESHAPS standards (EPA, 1989b). In
that study, worst case scenarios

representmg systems with radon levels -

ranging from 1,330 to 110,000 pCl/ 1 were
1dent1fxed and their potential emissions
modeled These systems represent what
may be the greatest potent1a1 among
PWSs to increase risks via air -
emissions. Only systems with very high
flow rates posed any potential for
increasing ambient air radon exposure
appreciably. The one modeling run’that
did indicate a potential problem -
assumed that all radon emissions came
from a single point source (i.e, the entire
production flow was treated through a
single aeration tower). However, the

t

cammurxity modelled relies on nurrlerous
widely dispersed wells for its total.
water supply, and aeration treatment

could be installed at individual wells,

thereby dlspersmg the emissions to the
ambient outdoor air. This modeling also
found that systems having very high
radon levels, (100,000 pCi/l) but lower
flow rates, did not appreciably increase
ambient air radon levels and risks.
Given the uncertamtles in calculating
such risk estlmates, EPA views the

above estimates as “order of megmtnde :

estimates.” Nevertheless, it is apparent
that the risks to the U.S. population, and
to the 1nd1v1dua1 drinking water
commupities, due to potentially aerated
radon from source water are much

. smaller (in'most cases 2 to 4 orders -of
magmtude smaller) than the rxsks due to

radon in water if no treatment were
apphed K

EPA is aware that some states allow
fio emissions from PTA regardless of
downwind risks. EPA has reviewed the
few available data on removal of radon
from* air by carbon. Baséd on these data,
EPA believes air phase removal of
radon by GAC may not be feasible
Systems trying to meet local dir'™
emissions requirements may need to
rely on GAC in the water phase.

c. Granular activated carbon. Pilot
plant studies have shown that granular
activated carbon {GAC]) is capable of
removing radon in drinking water at
efficiencies of 90 to 99 percent (Kinner et
al., 1989). The efficiency of removal is
dependent upon radon concentration,

the mass of: earbon in the GAC column, -
empty bed contact time {EBCT) and
contactor configuratlon (i.e., upflow or
downflow). The pllot studies have
shown tadon to require'a‘longer EBCT
than other adsorbable (e.g., .organic)

lIs. Thus, to achieve a 90 percent
removal efﬁméncy with a radon influent
concentration | of 10,000 pCifl, an EBCT
of apprommatbly 70 minutes may be
reqmred The need for such a lengthy

er dlsadvantage assomated with

of carﬁonl:for fadon removal is

0 radlatlon inside and

e GAC contactor. The

that may build up on the

e the progeny of radon,
radloactlve isotopes of

m' afid bismuth. The short-

‘ geny mclude Pb- 214 and

Due to the bulldup of radon
&'prodhcf tich as lead-210, a
betap article emltter, the GAC unit can
becomeI a source’ ‘of lowslevel radiation,
and may presenta disposal problem as
well. Studies have shown that the
radiation level is usually less than 1.0
mR/hr at a distance of three'(3) feet
from, the GAC tank surface (Kmner et

33087
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al, 1989] EPA’s guldellnes for ;
radroactlve waste disposal [EPA 1990a)
provide: gmdance on.the disposal of
GAC waste contalnmg naturally
occurring radlonuchdes, and approprrate
occupational guldanc .
‘The estimated cost fo» small GAC

water treatment systems for 80 percent

- removal of radon ranges from $6.60/

1,000 gallons of water serving 25 to 100
people to $1.40/1,000  gallons of water
serving 3, 000 to 10, OOO persons,
exclusive of the cost to:dispose of spent

. carbon, Due to the problems identified

above, i.e., of radlatlo bulld—up, waste
d1sposal and contact‘tlme, ‘the Agency

ol exchange,
IS€ 0Smosis

guIatz n/fz[traﬁon Laboratory
: 'dres have shown that

s‘tudy.‘ removal
ater than '80 percent

a8 ‘1n tests using
'c sulfate, ferrous
ate coagulants

parti ‘arly for smaller utrhtles
However, where‘the re sduction of

idity in the source; water is also a
concern, tlns method can be very
effective.

" tregted for systems':

- Estlmated costs for an ex1st1ng
coagulatlon/ filtration facility to mod1fy
treatment for 60% removal of uranium
from ground water sotrces range from
$4. 40/ 1,000 gallons of water for systems
serving a. populatmn of 25~100 persons,
t0 $0.02/1,000 gallons .of water for-
systems servmg ove 1,000,000 persons
b. Ion. exchange “Anion’ exchange
systems for the removal of uranium and

. other soluble ions have demonstrated -

uranium removal ef iencies. of between
65 and 99 percent. Ion exchange devices
dre-available for:most applications: The
estimated costs for; removal of uranium
from ground water by ion, exchange
range from $4.10/ 1,000 gallons of water
treated for systems serving 25-100,
‘persons, o $1.00/1, 000 gallons of water
st rving more than

1 ¢ brine must also be
con51dered ds. msdussed;abqve

1 d mamtalmng ]
wer d

es
helcost to 1nstall ‘the

B ;lret'reatment facility would be an
1mportant factor.

The RO system is adaptable to all size

o systems with costs ranging from $6.20/

1,000 gallons for systems serving 25-100

"'persons to $0.89/1,000 gallons for

.systems serving over 1,000,000 persons.

. If reducing TDS.is also a goal of the’
treatment process then reverse osmosis

is a very cost effective solution for the
removal of uranium from source waters.
Dlsposal of waste brine, the reject flow

' representing 20 to 50 percent of the feed

water, and the guantity of available feed
((source) water to accommodate this
technology, ‘would. Tequire consideration
by a water systemin its initial ‘
evaluation of alternatlve technologles
for radium removal

partlcle emitters’ from drmkmg water,
fon exchange and reverse osmosis

orlgmate from the n
defense related mdu‘
mstltutlons such as hi

Reen
Ll
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94 to 99 percent removal efficiency for
the following contaminants: niobium-95,

. tungsten-185, zirconium-95, scandium-46,
.and yttrium-91. Mixed bed ion exchange
', may effectively remove between 90 and
" 99.9 percent of all contaminants listed
_above. Therefore ion exchange

technology is proposed as BAT for'beta
and photon emitters. Disposal of waste
brine may pose difficulty due to the high

" concentration of radionuclides in the
* brine, the availability of disposal
~options for the liquid wastes, and State

‘or Federal lumtatlons whloh may
‘prevail.’

The cost for removal of beta-em
‘radionuclides utilizing ion excha 1ge
would be highly dependerit upon type
and amount of contamination. The:cost
supplement (EPA, 19870] to-the' above
cited Technologles and Cast
contains estimated cost for T8
beta emitters from: pubhc wa
iising two-bed ion-exchange's
cat10n1c and anionic}: -

«'b. Reverse osmosisi Rev) ]
{RO] membranes can effeotlvely remove
more than‘99 percent: of ra
contaminarits such : as. stronti
and 1odme from water

1od1ne-131; ,strontlum 9,
134 The cost of removm

' phosphorus-32, z1rcon1um-95 cobalt-58
~ and -60, ruthenium-103, and sulfur-35.

Full:scale studies in municipal’

filtration plants downstream from

nuclear;reactor sites have indicated

' removal of chromium-51, scandjum-46,
“'arsenic-76 and seven other nuohdes at
efficiencies of 28 t0'87 percent, using

‘alum as the. coagulant Activated silica
or clay can be added when needed to

“ enhance flocculation, coagulation and

precxpltatlon Nmety percent removal of
strontium requires iron coagulant:
dosages greater than 500 mg/l ata pH of
11. Efficiencies of removal of specxﬁc
radlonuchdes by, the coagulatlon
process c nt:range from 0 to 99’ percent

T for the; removal
1 chdes, ithe
ion regardmg

= - ‘: I u m
contam ‘ant . Relatlvely httle

information‘was availableon .. - . ... -

treatabtlity‘ of plutomum inwater .
supplies, However, plutomum appears .|
to be removed by coagulation and -
filtration technology, particularly where
the contaminant is associated with -
turbidity in surface 'waters or with'

colloidal hydroxide particulates. Surface 7

water contaniinated with frace amounts
plutomum 239 and 240, such as Lake

‘Michigan (fallout derived plutonium)

and the Savannah River (downstream

from a nuclear power plant), have'been . .
" treated for industrial and municipal use-

with coagulation/filtration technology
Raw linfluent waters contained 1 to 2
femtocuries of plutomum per liter of
water. Removals of plutonium at these .
facilities have been recorded in the
range of 25 to 96 percent. The addition
of carbonates through lime and soda ash
appears to contribute to the coagulation
and removal of colloidal plutonium from
natural surface waters. Plutonium' .
removal efficiency-was found to
increase with higher plutomum )
concentrations. Nonetheless, in regard
to the application of coagulation/
filtration for removal of plutonium from
water, EPA finds that the wide range of
efficiencies that have been documented
prechude its designation as a BAT for
alpha emitters.

EPA has undertaken to 1dent1fy BATS
that effectively remove polonium-210
from drinking water to achieve
compliance with the gross alpha

- standard. The results of treatability

studies conducted in Maine on well
water containing high levels ¢f
poloniwm-210 are discussed in detail in
the Cost and Technologies Document
cited above. In the Maine field study
conducted over 2 months during 1990~
199], anion exchange, reverse osmosis,
and granular activated carbon {GAC)
were tested. These tests showed (after
correction of some clogging and fouling
of the ioh exchange and carbon units})
reverse osmosis with the highest

removal rates (98-99%), and GAC (69-

93%) and ion exchange (52-83%)
showing somewhat lower removal rates.
Water pH may affect polonium removal
rates for GAC and ion exchange, but
this has not been documented.

The Maine treatability studies and the
Technologies and Cost document form
the basis for a decision by EPA to
propose a BAT for removal of alpha
emitters. RO has provided the highest
removal efficiencies and is proposed as
BAT for dlpha emitter removal.

C. Waste Treatment and Disposal

The treatment and disposal of waste
by-products generated by the treatment
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" " processes increases overall water .

{reatment costs, especially for small

‘- systems. However, in establishing BAT,

' EPA identifies the treatment and
disposal technologies that are
reasonably available for large -
metropolitan regional drinking water
systems (i.e., systems which service

50,000 1o 75,000 persons) Dlsposal of
wastes from treatment for radionuclides

‘does not sxgmﬁcantly increase the total
-treatment costs for large systems.:

Several waste disposal techniques and
estimdtes of associated costs are
identified in'Table.11. Technologies and
costs related to the disposal of the

granular activated carbon that may in
some cases be used for radon removal
have not been detérmined by EPA. GAC
is not'a BAT for radon removal for
reasons outlined in sectlon B, part 2[c)
above .

RO

'

TABLE 11.—RANGE OF BRINE AND SLUDGE DiSPOSAL COSTS IN REMOVAL ‘OF RADIONUCLIDE CONTAMINANTS 1

[Cents/1,000 Gallons of Water Treated]

- Direct Discharge to "'Evaporation |  “Chemical
Treatment process‘v discharge sewer pond/land .| precipitation
Brine Disposal: . I R
lon Exchange GR 4-110 ‘ 20-250. - .30-350
Reverse osmosis.... 2-95 | 10-230 - R (’e’)‘ o *)
Treatment process Discharge l;lgc;;?;ci:‘t:anaigzt\ Dewatering and.;{ . -
proc tosewer .04 dispogal 5] fand disposai (5) i
Sludge Disposal: . IS DR
Coagulation/Filiration 1-190 65-360 | 75-2,8001 - &
Lime Softening (2) 30-600 @

Notes:

. 1From “Technolognes and Costs for the Treatment and Disposal_ of ‘Waste Byproducts from Water Tteatments for the Removal of Inorgam

Continants” (EPA,1986d). Cost ranges represent disposal costs for very" large to very small water systérms.

2 Data not available.

2 Non-mechanical dewatering alternatives for sludges include sand drying beds and dewatering lagoons.

. * Disposal option too expensive.

5 Mechanical dewatering' may include utilization of pressure ﬁltratlon

Liquid wastes, or brines, are

generated by ion exchange, reverse

osmosis, and activated alumina. The

most economical disposal'method for
concentrated brines is discharge toa
sanitary sewer, and for reverse osmosis, -
direct discharge of the concentrated

- waste stream to a recelvmg body of
-water, if these methods are: acceptable
. to applicable regulatory agéncies and

_.meet Clean Water Act requirements for
-direct-and indirect discharges to surface
water. Underground injection may be an
option, subject to the requirements of
the Underground Injection Control,
Program Other possible though more
expensive alternatives include -
evaporation pond dewatering followed

" by land disposal, and chemical . ‘
precipitation followed bynon- .
mechanical drying and land disposal.
Sludges are generated by coagulatlon/

- filtration, greensand filtration, and lime
softening. The most economical disposal
method for sludges is discharge toa
sanitary sewer. Again, this method may

¢ .. berestricted by state or local

wrequlrements and pre- -treatment
requirements under ithe Clean Water Act
(see generally 40 CFR part 403). An
alternatlve option may be non-
mechanical drying (lagoons or drying
beds] followed by land disposal.
Mechanical methods tend to be higher in
cost, tho gh techmcally feamble, for all
sludges.

At the present time there are no
federal regulations which specifically

-address the disposal of water treatment

wastes containing radionuclides.
‘However; the selection of waste by-
product disposal alternatives may be

“determined by federal, state, arid local

regulatory constraints and site specific
conditions. Regulatory constraints may

- include industrial pretreatment

requirements for sanitary sewer
discharges (including requirements
applicable to sewage sludge use and

disposal under section 405 of the Clean ‘

Water Act), requirements under the
Underground Injection Control (UIC)
program, RCRA requirements for
hazardous waste disposal and
protection’ of grounidwater, and effluent

. limitations and water-quality based

limits for the discharge of some -

- contamindnis intolocal 1 receiving waters

(groundwaters and surface waters)

‘under the NPDES program. Site-specific

conditions Whlch influence waste

-, management include the availability of

sewage disposal, location of disposal
sites, climatic factors, cost.of land, and
other local or regxonal tactors' 'including
available manpower and mfrastructure
characterlstlcs

 EPA’s report entitled “Suggested
Guidelines for the Disposal of Naturally
Occurring Radionuclides Generated by
Drinking Water Treatment Plants,”
(EPA, 1990a)} outlines the Agency’s

understanding of the technical issues
and the existing regulatory framework
that may be relevant to systems which
remove naturally-occurring, rad1oact1ve

_substances from drinking water "

supplies. In this report, EPA
recommends types of treatment and
disposal options and 1nst1tut1onal
controls which would be pertlnent for
solid and liquid wastes containing
radioactive contaminants, at various

. ranges of concentration. The réport also

makes recommendations regardmg
radiation in ‘the water treatment plant
and protection of workers at’ the plant
and during waste disposal; operatlons
EPA solicits public comment; ‘on its
waste disposal guldance, and Waste
disposal issues in general.

EPA and others have studied the
treatmerit technologies available for the
removal of radionuclides from drinking
water and characterized some of the

" waste residuals of treatment. These

studies were conducted on source
waters naturally high in radicactivity
and produced data which may be useful
for the purpose of characterizi.ig solid
and liquid wastes from the treatment of
drinking water and for comparison with
the EPA Suggested Guidelines cited
above. Table 12 summarizes some data
that EPA has gathered on water
treatment wastes containing radium and
uranium.
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) Table 13 outlmes the options for -

- sludge dlsposal suggested in the EPA
guidelines, Notwithstanding these
suggested guidelines, solid wastes and

. liquid wastes generated by drinking
water treatment plants should be
disposed of in compliance with Federal,
State and local requirements, State-

adopted criteria of 40 CFR part-257,
which contains RCRA groundwater

-protection criteria, and municipal solid
waste landfill regulations under 40 CFR

part 258.
Similarly, from the same EPA.: report

" cited-above, EPA guldellne‘s were

developed for dxsposal of liquid wastes, -
or brines, which result from the,
treatment of drinking water contalmng
radionuclides. These are outlinedin
Table 14. EPA solicits public-comment
on the waste dlsposal guidance and
estimated dlsposal costs.

" TABLE 12.~~SUMMARY OF WATER TREATMENT DATA ON WASTES CONTAINING NATURAL RADIONUCLIDES

References

Concentration range

Treatment wastes

. L|me softening sludges R
Ra-226 )

-| (EPA, 1985d)

Ra-228

. lon exchange

(EPA, 1987f)

Chemlcal clanf ication filter cake uranium

. Lime softening backwash

Ra-226

.| (EPA, 1985d)

lon exchange bnné/{egen '

(Schliekelman, 1976)

Radium—typical..
- —Peak....

Uranium

{Schliekelman, 1976 and EPA, 1985d)

Reverse osmosis waste,

‘Ra-226.

(Sorg et al., 1980)

Mang. and i iron treatment filter backwash

‘Ra-226

(EPA, 1985d and EPA , 1987a)

.,Ra-228

1-22 pCi/g (dry).
2-12 pCi/g (dry).

57-171 pCifg (dry).

6-50pCi/l.

*110-530 pGi/l.
3,500 pGi/l.
up to 610 pGi/l.

7-38 pGi/l.
21-106 pCi/l.
5.7-83 pCi/l.

N

TABLE 13.—DisPOSAL GUIDELINES: FOR |

RADIOACTIVE SouD WASTES RESULT-
ING FROM DRINKING WATER TREAT-
MENT PROCESSES !

TABLE 13.—DISPOSAL GUIDELINES FOR
RADIOACTIVE SoOLID WASTES RESULT-

ING FROM DRINKING WATER TREAT- |

MENT PROCESSES '—Continued

TABLE 14.—-DISPOSAL  'GUIDELINES FOR
RADIOACTIVE LIQUID WASTES GENER-
ATED BY WATER TREATMENT PLANTS 1—

Continued

Wgste.cha{actenencs ' Disposal option

Waste éharactéristiqs ’ _ Disposal option

L Sohds/sludges h
cofitaining less than 3
pCi/g of radum or
lead-210, or less than
80:pCi/g uranium.

Il. Solids/sludges
containing 3 to 50
pCi/g of radium or
lead-210, or 30 to 500

Sludge should be
dewatered, and mixed
in landfill.

Sludge should be
dewatered, and
disposed of within a
stabilized landfill to

pCI/g uramum isolate and to avoid
inappropriate usage of
the site.
. Soluds/sludges | Case-by-case

contalnlng 50 to 2,000
,pC /g of radium or
lead-210, of 500 to

. 2,000 pCi/g of
uranlum

determination, to
"include-consideration
of standards for
uranium mill tailings
(40 GFR 192), NARM
disposal, and fong-
term-institutional:
controi of disposal
sites! RCRA
hazardous waste units
-should also be
considered. NRC
provisions may apply.

'IV. Solids/sludges

Shou!d be disposed of in
a low-level radioactive
‘waste disposal-facility
operated under the
provisions of the
‘Atomic Energy Act, as
‘amended, or at a

containing more than
2,000 pCi/g of natural
. _radioactivity.

. facility for NARM
.disposal. Uranium
‘recovery may be
possible. NRC

+ jprovisions may apply.
Dept. of
Transportation-
fregulations would

- apply.

Note: Water treatment facilities should keep
records of the amount and qomposmon of radioac-
tive wastes they generate, jand 'the manner and
location of disposal.

t From EPA Suggested Gundehnes (EPA 1990a).

TABLE 14—DISPOSAL GUIDELINES FOR
RADIOACTIVE LlQU|D 'WASTES GENER-
ATED BY WATER TREATMENT PLANTS !

Requirements (Federal

Dlsposal option and oth er)

A. Dispbsal into surface
water.

(1) Federal State and
local dqscharge limits

: and NPDES permit

b A requirements apply.

State or EPA-permitted °

Disposal option

Requirements {Federal
and other)

B. Discharge into
sanitary sewers (if Ra-
226 is less than 400
pCi/l, Ra-228 iess
than 800 pCi/l, total
_uranium less than 1
uCi/1, and yeatly total

discharge less than 1

" curie).

C Disposal of
{radioactive wastes
through injection wells
(under conditions
consistent with 40
CFR 144 .
classifications of -
wells). Shallow
injection banned.

D Evaporation,
precipitation, drying, or
other treatment,

(1) State limits on
discharge of
hazardous or
radioactive wastes.

{2) Limits on discharge
of radium and uranium
into sanitary sewers—
per NRC standards for
discharge by licensees
(1v CFR 20, part 303).

(3) Federal, State, and
local pretreatment
requirements. -

(1) Authorization of any
injection of liquid
wastes under the
Underground Injection
Control (UIC) program
tegulations in 40 CFR
144.6(a)(2), and
144, 12(0)

) Heswlual sol:ds
should be disposed
per solid waste
regulations and per
EPA guidelines for
water treatment solid
wastes'(EPA, 1990a).

1From EPA Suggested Guidelines (EPA, 1990a).

D. Analytic Methods

"The SDWA directs EPA to set an MCL
for contaminants for which there are
MCLGs, “if, in the judgement of the
Administrator, it is economically and
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) techhologioally feasible to ascertain the the MCLs. Therefore, gach analytical ~°  {a) Reliability (1.e., premswn/ accuracy
level of such contaminants in waterin ~ method was evaluated for accuracy or - ‘of the analytical results over'a range of
public water systems.” (SDWA section”  recovery (lack of bias) and precision concentrations, including'the MCL);:
1401[1][C][ii]). NPDWRs are alsoto  (good reproducibility over the range of . {b) Specificity in the presence of

“contain[s] criteria and procedures to 'MCLs considered). The primary purpose’ mterferences,

‘3ssureda gilpply Ofi drmkltl;lg Waﬁer WhICh Of thlsx evaluatlon 18 to deteI‘I‘IHHE‘ o (C] Avaﬂablhty of adequate eqmpment
;g}g&‘fm Zo(;?tglrg lf;n‘:’iev:l‘;c including " Whether analytical methods are - and trained personnel to. implement a
quality control and testing procedures to ::ggizﬁgelﬁzﬁ:gﬁ;::f:lglfl‘ﬁ(mg 33;1011:11)10‘;2?;1)11Z‘;‘;‘igb(;ﬁlt;fl]ﬂng program
insure ¢compliance with such levels.” R ¢ e ry:
(SDWA section 1401[1]{D]). The analytic : W&®% *{d) Rapidity of anaiysxs to permit
methods described and evaluated here - » The ablhty of recently developed *  routine use; and

are the testing procedures EPA analytrcal method(s) to-measure "*(e) Cost of analys S'to Water supply
' 'identified to insure compliance w1th the radionuclide contammants in drmkmg ‘systems. A
"MCLs. EPA evaluated the availability, ~water; | ! 1. Descrzptzon of anaIytw methods.

cost, and the' performance of these Analytlcal methods exist to'measure
analytical techniques, as well as the " each'radionuclide contaminant covered
. Vablhty of laboratories to use these by today's proposed regulatlons. Table
“methods to-measure radionuclide * 15 lists thése analytical methods. EPA
contaminants consistently and believes these methods arg technically
accurately in a comphance momtonng ‘sound, economical, and generally

sett v
Tilregrehablhty of analytlc fisthods at avallable for. radlonuchde‘ monitoring,
and is proposmg their use for monitoring

the maximum ‘contaminant level ig
crmcal to lmplementmg and enforcmg to determme comphance w‘th the MCLs.

i

< . = — T *
’ _ DOE® | Other
‘NaturaIIyOa:umng 4 SR | i C ‘ | _
Gross alpha and beta... : 800.0:1.pp. 1- . .].00: fl {71108 D 1943-81 ‘
750-RaB | D 3454-86. ‘ UNY.
) RS Gtoct A ) U ) ' “_u L T < e
Radrum 228 ........ vz | ladigchemic .04 pp. 24=28 : | 7500-Ra ~ L J'R-1142-76. 2Ny,
o C e L 1B : : . D* ‘ [ | ) 10NJ.
Radon .‘222‘. oy : - - 11913,
- B RPN 4 1218
} ) . - BN 12 10
Uranium.......... ‘ 7 'D3g7e-82.. | . . ‘ ‘
d oo b 7500-U G .| D 2907-83 | R-1180-76 | E-U-03
‘ 00-07. | p. 33 - - | R-1182-76 | E-U-04
Man-Made: o o ' ] o
Radioactive Cesrum pp. 4-5 | ¢+ |7500-Cs B §. " . R-1410-76 | E-Cs~01
Radioactive lodine .. : o ‘ 1-01 |1 7500-1B | D 2334-88
Radioactive Strontlum ‘| pp. 29783 ] |7s00-8rB | - . " | R-1160-76 |
89 90 ‘. : Al . ‘ o 1
j g ~| Pp. 108-114 . ] v . | E-8r-01
‘ Trltlum..;....«, ...... S .0'] pp. 34-40 1 p.87 ' 7500-3H B | D'2476-81, | R-1171-76
‘ ; e
Gamma and photon | ‘ D—3649—85 1 . '4.5.2.3
' emrtlers ‘ ) 1 ) : N
v “Prescrlbed Procedufes for. M : fnent of Radroactlvrty in Dnnkmg Water,” EPA rEnvnronmentaI Momtormg and Support Laboratory, Crncrnnatr. OH (EPA—GOO/

4-80-032, August'1980. (EPA, 1980)
% “Inferim Radlochemrpal Methodo o

for Drmkrng Waterr " EPA—600/4—-75-008 Marph 1976 (EPA 1976)
*  SEastern Environmental Rad

gy,
Facrlrty Montgomery, AL 36109, Radlochemroal Procedures Manual,” EPA 520/5—84—006 August 1984 (EPA 1984a)*
+“Radiocheniical Analytical (,rOC es for Analysis of Environmentat Samples,” rEMSL—LV—0539-17 March 1979..(EPA, 1979b)
5-“Standard' Methods for the 'Examination of Water and Wastewater, 17th edmon, Amencan Pubhc Health Assocratron, Amencan Water Works Assomatron. Water
Poliution Control Federatron 89, (APHA 1989) b
61989 Annual Book'of |ASTM. Standards, Vol. 11.02, Amencan ,Society for Testrng and Materrals, 1916 Race Street Phrladelphra. Pa 19103 ‘(ASTM, 1989)
7 Methods for Determrnatron f groactrve Substances in Water and Fluvral Sedrments Book 5, 1989, Techmques of Water-Resources Investrgatrons of the
United States Geologicat ‘Survey, rChapte‘r A5. (USGS, 1989) -
. #Environmental Measureme Laboratory, U.S. Depariment of 'Energy, “EML PROCEDURES MANUAL, 27th edmon " (DOE 1990) -
® “Determrnatron of 226Rg| any Ra’ (Ra-02), Radrologrcal ‘Sciences lnstrtute Center for Hesearoh—New York State Department of . Health January 1980
(Revised June 1982). (NY Stare DOH, 1982 \
', ¥2 “Determination of Radiu

w rinking Water," State of New Jersey—Department bf Environmental: Protectron—Drvrsron of Envrronmenta| Quality-—Bureau
of Hadiation and fnorgani ices, August 1990. (NJ DEQ; 1990) R

11'Method 913—Ra wat or by liquid scintillation; °Envrronmental Monrtonnq and Support {.aboratory, Las Vegas, NV (EPA 1991q)

12 Appendix D, Ana cal | edure, “The Deterrmnatron of Radon in 'Drinking Water;” p. 22, Two Test Procedures for Radon in Drrnkrng Water,
Interiaboratory . Collaboratrve "EPA ’30/2—87/082 March 1987.-(EPA, 1987¢) . . .

-

for radlonuchde monitoring. Many of the analyses under the Interim Drinking

! ( | : listed analytical methods have been Water Regulations; [see 40 CFR part 141,
: techmcally ‘and economidally dvailable used for a number of years in water subpart C) and in détermining -
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Standard Methods (SM) Ainé
Society for Testing Materials (ASTM),

- United States Geological Survey {USGS)

and Department of Energy (DOE):
Several more recently developed
methods are also listed. In addltlon, EPA
Method 909, “Determin:
in Drinking Water” would be used for
the unregulated contaminant monitoring
for lead-210 (EPA, 1982),

The reliability of thiese methods has
been demonstrated ¥ a°history of many
years use b ”state, eral and private

: ' Mi e-methods above

tested), with the re
subjécted to single |

I .

ratory tests. The
ma]onty of the v

validations performed by accredited
standard bodies, i.e.,, SM, ASTM, etc.
were reviewed by EPA personnel and
determined to be acceptable The N.Y.
method for radium 226-and 228 had
“hmlted approval",‘ prevmus to the
dlscontmuatlon of dltérnate test
procedures: {ATPS) in the drinking water
program. The NIJ. method for radium 228
is currently under review. EPA requests
comments whether these techniques
should be considered available for
purposes of this proposed rule.

Below is a brief'description of the
proposed radlonuchde techniques listed
in Table 15: nalysrs generally requires
some sample preparatmn followed by
counting by one of several methods.
Radiatioriicounting instruments include
various types of gas-flow proportional
counters, 'scix ‘1lletlon< ‘ells and
scintillation counters that are suitable
for measurlhg alpha- or beta-emitting
radionuclides, and sodium iodide or
germamuml detectors coupled to
multichannel, .analyzers are available for .
gamina spectrometry General .
description of the different basic
counting methods are presented,
followed by brlef drscussmns of the
metho ds 5 e;,rflc for each analyte.

: ) 'the: complete ‘methods are
available'ini the Drmklng Water Docket,
as well asin several published reference
manuals. EPA refers readers to the
references for information on precision,
accuracy, counting efficiency,
background determmatwn sample and
source preparations, interferences and
calibration information on the proposed
analytlf:al -methods.

a. C’ountmg methods. i. Alpha Emlttlng

) Radlonuchdes (Gross alpha particle

n of Lead-210 -

dation studies were -
"EPA performed orsponsored. Those

act1v1ty, Radium-226, Radon-222 and .

"Uranium)—Alpha Counting Methods—

Alpha particles are charactenzed by an
intense loss of energy in passing through
matter. This intense loss of energy is
used in differentiating alpha =
radmactrwty from other types by the

" dense ionization or intense scintillation
it produces. Alpha counting methods,
which measure alpha radioactivity, are

applicable in the determination 6f.gross -

alpha particle activity, radium-226,
raddgn-222 and uranium.:Alpha

- radioactivity can be measured, after

various sample preparations, by one of
sevéral types of detectors in

- combination with appropriate electronic
~Components. The techniques for

measuring the alpha emitters use gas-
flow proportional counters, scmnllatlon
cell systems. and liquid scmtlllatlon
counters, in conjunction with-electronic
components such as high voltage. .power
supplies, preamplifiers, amphﬁers,
scalers and recording devices.

Addmonal techniques using ﬂuorometry

an( alphaspectrophotometnc techniques
are being,proposed for uranium
analy51s

Proportronal Counting, In proportmnal
counting, alpha partlcles are introduced
to the sensitive region of a proportional
counter-and produce ionization of the.
counting gas. The electrons are
accelerated towards the anode;

rod ing secondary jonization and
developlng a large voltage pulse by gas
amplification. The total ionization is
proportlonal to the primary ionization
produced by the‘alpha partlcle
Electronic voltage discriniination allows
for differéntiation of alpha partrcles
from heta partlcles

the alpha partlcle transfers
) a scmtlllator disk, such as zinc

tlght co talner The transfer of energy to
the scmtrllator disk results in the
produgtion of hght at a wavelength
characterlstlc to the scintillator; and
with an 1ntens1ty pro port10na1 to the

er iy “»ansmltted from the alpha

or strikes' the photocathode
preduging electrons, whxch are-emitted

at leve proportional to'the intensity of
the hgh ‘The photoelectrons are

A sc1nt111at10n cell system for radon
gas countmg performs alpha particle
counting using the principles of
scintillation counting as described
above. The exceptions are that a
scintillation flask (“Lucas Cell”, a 100- .
125 ml metal cup coated on the inside
with zinc sulfide and having a’

.iransparent window) replaces the

scintillation disk in the apparatus. A
counting system’ compatlble with the

. scintillation flask is. lncorporated The

scintillation cell. system is used for the
specific measurement of radon. Radium-
226 can also be measured by Lucas Cell

‘counting of its radon-222 progeny. .

Direct, low volume liquid scintillation
(liquid- scintillation) counting of dlpha
emitters with a commercially available
instrument is also employed in the

, proposed methods. A'liquid scintillator

or organic phosphor is combined i in an
appropriate mineral oil or other-organic
base scintillator “cocktail” with the
water sample. Mixing achievesa |
uniform dispersion before counting. This

. replaces the planchet or-disk

preparation that occurs before the

" counting step in the scmtlllatton

technique.

Analyses performed usmg a
fluorometer require sample preparation
as mentioned above. Fluorométry'is
used in one of the procedures;for
uranium in this proposal. The.-
fluorometer measures the fluorescence
of the traniunt from the sample that is
exposed to ultra violet light from the
1nstrument The ; response to this
excltatron is-proportional to the
ratlon of the: -analyte ifi the

parhcle‘ energy absorbed by the
r: The pulse is routed to a

h annel analyzer where erergy

y mmatron can be performed. This

: ctrometer is' employed in some

Emi ; mg Radxonuohdes (Gross
cle actlvrty, Radrum—228

?iomzatlon energy
pha and beta partrcles

33093
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“but with energies rangmg from zero up

to a maximum value whichis
characteristic of the nuclide. This fact

'makes it extremely difficultto

differentiate among beta emitters by

“energy discrimination.

Beta counting methods, which
measure beta radioactivity, use one of

several types of instruments [counters)
that consist of a'detector and an
‘ amphfier, power, supply, and scaler, etc.

As in alpha counting, there are various -
sample preparations or- chemical

,separations necessary prior to countmg

The most widely used instruments are °
proportional counters, ‘but scintillation

~ systems are also used. These counting

“techniques are apphcable for the "

‘measurement of beta radioactivity by
‘using beta emitting standards fo 1
"calibration and determination of ;
countmg efficiency inthe analysés.

iii. Gamma and Photor Emitting
Rad1onuchdes-Gamma Counting :
Method: Gamma rays are lugh energy

-photons with discrete energies’ that are a

‘penetrating form of radiation. This
‘characteristic can’ ‘be used to measure

samples of any form, as long as - )
calibration standards of the samé form
are'available and- are:countedising the
same-geometry. In 1V1dual calibration
standards are used for 1dent1fymg and

radlonuchdes ) “"Lmtmg or
gamma spet ‘ amm 1 icounting
is performed uging: sol1d"'detectors (Nal

or germamum}w as opposed to as-filled-
«detectors.
In gamma-ray analys'ls or- countmg,
the detectors produce hght photons
(scintillations) or electron-ho ‘pairs
that are, amphﬁed into elec‘ I pulses

b, Specific analytzc methods—i. Gross
‘alpba angd gross beta aCtIVlty‘, The gross

alpha and g vity I
are the 31mplest of radloanalytlc
s, A-portion of the water sample
aporated to dryness on a
hlch is then counted for

for! gross; alpha analysrs, adds
als‘.‘separat‘lon step before

ng toreduce the total solids
present, thereby reducing self

absorptlon and i 1mprov1ng counting
_efficiency. It also allows for the use of ~
larger samples for greater sensitivity. -

In addition to being used to'determine

compliance with the MCLs, tHese
"methods would be used as screening
procedures to determine if additional -
analyses for the specific radionuclides
 dre necessary,, if the appropriate
tandard is used for calibration. Gross

h

‘Screen for radium 226 atid uramum, and

gross beta would be used as a 'screen for-

radmm 228. If gross alpha methods are

- “to be'used for screening for radium 226

and uranium compliance, the' labs
- however, would be reqmred ito galibrate
“the counter for .uranium aboratones

ha screen would no longer be used to
; erice;of radmm 228 as

cted to rehably serve
a»Agency believes thata
- patticle emitter ie., thorium 230 should
be used ¢ asa standard for cal1brat1on for
elpha activity. Past use of
meficium-241 tended to bias analytic
results low due tol the over estimate of
counting efﬁclency ‘because of its hlgher
energy alpha particle. Cesium 137 is .
recommended for calibrating the gross
‘beta 'screen.
-preclpxtatlon method for gross
al c’uvny has also been mcluded

samples that have hrgh dlssolved solids
(>500 rng/ 1), are likely to have high self
absorpnon of alpha partlcles which
tedudes the sensitivity of the
measurement. When high solids are
presént, the Agencyrecommends use of
the coprecipitation method.

alpha measurement wotld be used asa

ii. Radon. EPA is proposing two
-methods for measurement of radon in
‘water. These are direct low volume

liquid scintillation couriting, and by

radon de-emanation from the sample
into a Lucas Cell chamber for counting.

" These two methods are described in the
report “T'wo Test Procedures for Radon

in Drinking Water, Interlaboratory ‘

" Collaborative Study” (EPA, 1987e). EPA
has slightly’ modified the‘liquid
-scintillation: procedure described in that

- report and proposes to establish this
revised méthod as EPA Method 913.

. In d1rect low volume hqmd

 scintillation measurement of radon, a
small volume of water (about 10 ml) is
placed in a vial witha scintilldtion

‘solution. (mmeral oil), mixed, and the

vial placedin a hqu1d scintillation
bunter.. Countmg time can rarige up to

‘ 100 minutes or more, dependlng on the

y mount of radon'in the sample and the

. "desired prec1smn of analysis:.

) Compames usmg l1qu1d scmtlllatlon

Lcountmg report, ‘that they canl malyze

0200 samples dally (EPA, ‘1989¢; 1990j).

" In using | the Lucas' Cell method. radon-
freg helium or aged : air{to allow the

. radon present to decay out) is’ bubbled

th.rough a water sample ina bubblmg

‘ placed rn a counter nd th
l wmdt)w Th1s

difficult to use, requlrmg specmhzed.
glassware and skilled techmc1ans Most
laboratories that currently measiure
radoruse liquid scintillation, and few
have the equlpment to perform Lucas
Cell counting. Estimated;sta up cost to
obtain Lucas Cell eq ipmen

about $35,000 (to-do 30-4¢
dally}, plus technician tr




\

for radon in water. EPA believes only

‘liquid scintillation would allow accurate
. analysis of the large number of samples

required nation wide by these proposed
. regulations.
. iii. Radium. Several methods are
available for the specific analysis of

' radium 226 and 228 as listed in table 15.

‘Most of the methods in the interim
regulations for radium analyses are
“technigtie dependent and time-intensive.
. Some of the other methods listed appear
to be xmprovements over the existing
approved methods. For example, co-
precipitation steps are employed in
_methods for both radium 226 and 228 to

‘. I .purify the sample and reduce

‘interferences.

wf, Analys1s of radium 226 by radon

emanation requlres allowing the radium
226 to decay to radon (to equilibrium) in
the water sample, bubbling radon-free
~helium gas through thé water into an
‘evacuated Lucas Cell counting chiamber,
-.and then counting the chamber. While
‘this method can produce good precision
-and accuracy at relatively low radium
226 levels, it is as noted above, time
consuming and requires special

' equipment and specially trained lab ~

‘technicians.: These factors may limit its
‘use on a large scale. EPA believes this

, 1s, however, one of several appropriate

methods for radmm 226. Appropriately
conducted gross alpha screens 'should
' eliminate the need for SPEleIC radium
226 analyses in many cases. =
| iv. Uranium. Uranitm can be
analyzed usmg ﬂuorometnc (mass) or
radlochemlcal methods, or usmg alpha

L

spectrometry The ﬂuorometnc method
measures the mass of total uranium
present in the sample, Because EPA is
proposing an MCL expressed in ‘mass
units, this is the preferred method.
However, should the final MCL be an
activity standard, the results of '
fluorometric analysis, may | be converted
to an activity level using the conversion

. factor 1.3 pCi/pg. This conversion factor

is based on evaluation of the relatlve
occurrence of the different radioisotopes

..of uranium in water samples. This value

is somewhat different from yranium
naturally occurrmg in soil, which has an
estimated conversion factor of 0.68 pCi/
pg. The'need for conversion. from mass
to activity ,followlng analysm, and the
potent1al for variability in the .
conyersion. factor would be a weakness
of the fluorometric method in
detenmnmg comphance Wlth an activity
MCL for uranium.EPA lsohmts public
commient on the adwsa ility
contin ngto allow usé of this method to
nieagure urdnium; aetmty levels'

The radmchemlcal method for

: however EPA beheves that the results

will be more reliable.
c. Sample C'a]leatzon, Izcmdlmg énd -+

‘prese ation. In order to ensure that

samples at vmg atlaboratories for
ana1y31s arein good icondition; EPA is
proposing requirements | for sample
collection,’ handlmg and preservation, as
described in table 16.'For radiufn,
uranium and gross alpha and gross beta
analysis, sample: collectmn should be
performed as fori morgamc contaminant

‘motiitoring as described in EPA’s

“Manusl for the. Certification of
Laboratories Analyzmg Drinking Water”

(EPA, 1990b).

For radon, because it is a volatile gas,
speclal ‘attention to sample collection is
required. Either the VOC sample
collection method, or one-of the methods
described in “Two Test Procedures for
Radon in Drmkmg Water,
Interlaboratory Collaborative Study”
(EPA, 1987¢) should be used. In addition,
because plastics can absorb radon, glass
bottles with teflon lined caps must be
used. Finally, EPA’s assessment of
laboratory performance is premised on
analysis of samples no longer than 4
days after collection. Laboratories

‘ unable to. comply with this holding time

maximum may have difficulty
perforlmng within the estimated
precision and accuracy bounds. EPA
solicits public comment on the proposed
sample collection procedures for radon
in drinking water, including any
available data on radon loss from water
samples during collectmn by different -
methods.

T | ‘ TABLE 16-—SAMPLING‘HANDLING, PRESERVATION HOLDlNG TIMES

} ‘Earam‘eter‘ C Contained 2‘ hold?dagntlit:r?‘es

Gross alpha......., Cone. HCI or HNOs to pH.J< {Por G 6 months.
‘Gross beta..... Conc. HCl or HNOsl-tO pH ‘,<2 4 JPorG 6 months.
‘Radium-226....... 3 Cone. HC! or HNOs to pH 2 . PorG 6 months.
Radium-228................... ‘Gone. HG! or HNO; to pH‘ ”‘ 1PorG 6 months.
Radium-222 5............... Cool 4° C, I: .| Glass with Teflon-lmed septum 4 days.
Uranium natural Conc. HCl or HNO;, to pH y <2 4 PorG 6 months.
Radioactive Cesi .Conc. HCl 10 pH <Z..r.cvc. j PorG 6 months.
.Radioactive Strontlu ,Conc. HCI or HNO i o‘pH <2 JPorG 6 months.’
Radioactive lodlne ! l‘ 3 . 1 PorG | 6 months.
Tritium, b . .| Glass 6 months.
Photon’ emﬁﬁers 4'PorG 6-months.

LAl except lradon-222 samples) lt is recommended that the preservatlve be added to the sample at the time of collectlon unless suspended solids activity is to
be ‘measured. However, if the’ :samplerhust be shipped tola’ laboratory‘ or storage area, acrdlﬂcahon of the sample (in its ongmal container) may be delayed for a
period not t exceed 5 days Al mlmmum of 16 hours must elapse etween acidification and analysis. .

2P = Plastic, Hard or.soft; G = Glass, hard or soft. .,
e js deﬁned as the petiod from time of sarnplnng to

3 Holding- i

e’ of analy5|s in all cases, samples should be analyzed as soon after collection as possible.

*If HGl 1s used 10 'dcidify . samples. which are to"be" analyzed for ‘gross alpha .or gross beta activities, the acid salts must be converted to nitrate salts before

transfer of the samples to 'planchets.

1y +5The procedure of ja positivg pressure collection in '60-ml glass bottles is to be followed This procedure is described in appendlx C, NIRS Sampling
lnstrucllons-—-ﬁadon, p 26 Two Test Procedures For Radon. ln Dnnkmg Water lnterlaboratory Coliaborative Study, (EPA, 1978e).

ﬂ»
t 1 l‘ ' H:

2. Cost of eIformuzg analyses. The
actual costs of performing analysis may
vary with laboratory, analytical
techmque selected the'total number of

samples analyzed] by a lab, and by other
factors. Table 17 lists the approximate
costs for-analyses of drinking water
samples for;radionuclides. These cost

data, recently assembled, are
preliminary and may be different in
practice for the following reasons: (a)
For some analytes, few commercial

S
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' laboratories exist to help define costs;
(b} as the number of experienced

" laboratories increases, the costs can be

- -expected to decrease; (¢} analytical
costs are determined, to some extent, by

A
N
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the quality control efforts and quality
assurance programs adhered to by the
analytical laboratory; (d) ‘per-sample
costs are influenced by the number of

‘samples analyzed per unit time. EPA
'solicits’'comments on its.cost: estlmates ,
_from laboratories experienced:in
: ‘performmg these analyses

+

TABLE 17 —ESTIMATED COST OF
ANALYSES FOR RADlONUCLIDES

M

"I Approxi-
rnate cost
‘ S for
, - Radionuclides analysis
: : ‘ in
drinking
water
Radium-226........s.....: - : - $85
Radium-228 ................ b N 100
Uranium (total)............ 45
U iSOtOPIC ceevesesnceres o wf 125
Radon-222 . vens . 50
Gross alpha emitters ! 35
Gross beta emitfers. 35,
.Radioactive Cesijum, 100°
Radioactive lodine . 100
Radioactive SrONtUM ........eceescrrcermmrassasnreres 105
Total, 89 and 90.
Tritium ‘ .50 i
Gamma emitters - o 110 )%

Source: (EPA, 1991m) .
Note: Estimatéd costs are on a; per-sample basis;
analysis of multiple samples may have. lower cost

3. Method detectzon 11m1ts and
practical quantitation levels. Method

, detection limits (MDLs) and practical

quantitation levels (PQLs] are two
performance measures used by EPA to -
estimate the hmlts of performance of
analytlc chemlstry methods for-
measuring contaminants-in.drinking
water. An MDL is the lowest level of a
contamlnant that can be easured by a
specific method under ideal research
conditions. A PQL is the lével at which a
contaminarnt gan be ascertamed with
specified methods on are {ltine basis,
(such as comphanoe momtormg} by well
managed’ labor
specified prec
The proposed PQLs for the -
radlonuclld% are listed: 1‘ HT able 18
below: (EPA~19911‘) Ty
EPA considers PQLsiin evaluatmg
alternatwes fortthe MCL. Consideration
of the PQLi 1s esp)emally unportant for
el ‘taminants for Wthh EPA is
MCLGs at. zerd; wThe
i) ‘lemergtmg ah'MCL at a
is m part’ determmed by

reis
near the MCL,

EPA- usually defmes the method
‘detection limit (MDL) as the minimum

“concéntration of a substance that can be-

measured and reported with:99 percent
confldence that the true value is greater

> thanzero. The term MDL is used
‘interchiangeably with minimum.
detectable activity (MDA) in -,
radronuchde analysis, and is: ‘defined as
that'amount.of activity which'in‘the
same countmg tlme, glves a’ count which

gD

,pthe ackground,count Identlfymgan ‘

Ml%jL concentration is limited by the fact
th i :MDLs (MDAs] are spemﬁc tothe

system,a
The‘ concept of MDL is dlfferent for -

be expanded to days or-even
onger in- a research settrng,

tudies, such as
aluatron (PE) studies. In
pared samples of

tion are distributed for

icipating labs as’
1k results of the analyses
by the, nts are compared with

ndltlons The measurement
ty becomes limited at low

‘d vary from system to system. -

e and Wlth each otherto "

fdecay and- the resultmg theoretrcal
counting uncertamty The counting
uncertainty is the major: contribution to
the overall uncertainty. This uncertainty
must be calculated and added to the
result and otheruncertainties to |
determine whether or not the analysis
has demonstrated comphance (EPA
19911‘, 1986a] B ; we
The method for estlmatmg the PQLs

for radionuclides is based on the' same
critetia as that used for orgamc and
inorganic! ‘compounds and incorporates,
through the methodology; the: \countmg

- time and background act1v1ty in, each

| (o} pCl/ 1
e EPA wanted to‘ onsider MCL
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labs using Lucas Cells, and these data
were used to evaluate performance of

- the methods and estimate the PQL {EPA,
" 1991n; 1991r). EPA considers the radon -
- -data to be a limited basis for deriving a

PQL, and solicits additional information
on radon analysis.

The PQLs for the radionuclides were
derived applying a procedure described

+in 50 FR 46908, Nov. 13, 1985 and 54 FR
22100, May 22, 1989. Data from all

reporting laboratories of Performance

Evaluations A and.B, 1983-1990 (EPA,

1991r);'which include EPA and State

‘ laboratones, were used for radium,

uraniom, gross alpha and gross beta. For
radon;. data from:the ‘two studies ‘
described above

: procedure generates acceptance limits -
*-that are set dround a “true” value. Using

‘the procedure descrlbed in these

. nptices, the PQLs for all radlonuchde
’ contammants ‘Wereg 'set'ata,

concentratlon‘w lere 1t was estlmated

and PQL of 300 pCl /1, EPA considered
the likely reliability of the overall
compliance monitoring program, the
number. of systems that would have
measurements within the error range,
and the risks of radon. With an error
band of.440%, and a PQL of 200 pCi/l,
approximately 19,000 of the estimated

.33,000 systems affected would fall

within the error band and would have
potentially unclear compliance status, .
potentially resulting in requests for re-

" testing and additional burdens on states

to determine and achieve compliance.
When EPA chose a +40% acceptance
limit for the viny!l chloride regulatmn,
only a few hundred systems were
expected to exceed the MCL; care could
be takeh to' accurately determine
compliance : status if it were m doubt

300 pCi; ,on!y 5000 to 7000. systems
siild ha potentlally unclear

chleve better ‘
an +3o% at'300 pr/l

EPA solicits pubhc comment on these
issues, and will continue to collect and
evaluate additional data to refine'and -
better substantiate the proposed PQL
and the constraints on regulation
imposed by limits on analytic methods.
EPA specifically requests comment on
information supporting PQLs higher than
the proposed PQL (such as 500 pCi/1),
and information supporting a lower PQL
than that proposed, such as 200 pCi/l.

Public comments are requested on the
approach used to determine the PQLs
for radionuclide contaminants, on'the
proposed PQLs for these contaminants,
and information is sought on,any new
developments in methodology for the
radionuclide contaminants that may be
used to support development of these
regulations. EPA also solicits public
comment on the usefulness of PQLs in
setting standards, and the
appropriateness of alternative methods
for accounting for analytic methods
limitations in setting standards. -

TABLE 18.—PRAGTICAL QUANTITATION
Leveis (PQLs). FOR RADIONUGCLIDE
CONTAMINANTS

PQL

Contaminant (pCirh

Radium-226 - 5

Radium-228 - 5

Uranium natural....... - 5

Radon-222 } 300

Gross alpha emltters imiseesinsareneneasmnas] 15

Gross beta ‘emitters. 30
Radioactive Cesnum

134... ’ pearsac . 10

187 L A ‘ 10

Rad(oactlve lodine ... 20
Radioactlve Strontiur

; ; 5

5

1200

Certyx}frca‘hon
’ ﬁdckground The ultlmate

ness of the proposed :

ries to reliably analyze
nants at relatively low levels.

al checks of performance to
' a laboratory s ab111ty to

hry means of )udgmg lab
ance and determrmng whether
pertlﬁcatlon 'EPA provides
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partlcrpanon in the PE program is
. prerequisite for a laboratory {o achieve
‘certification and to remain certified for
~analyzing drinking water compliance
: samples. Achieving acceptable .
wxsses  performance in these studies of known
‘test samples provides some indication
that the laboratory is following proper
_-practices. Unacceptable performance
may be indicative of problems that
could affect the reliability of the, .
compliance monitoring data,
,Unacceptable performance on PE

studles should trigger an investigation to

. ». establish the possible cause(s) and to
take correctrve action. EPA recogmzes
that even superior analytical " . .
.. laboratories occasionally produce data.

' due to statistical reasons rather than
.. from any actual analytical probléms.
EPA has mcorporated the cnte

which are,outside the acceptance, 11rn1ts .

- approach because itis the befter
~ indicator of performance and provides

laboratories with a fixed target. This
approach requires that each laboratory
‘demonstrate its ability to perform within
pre-defmed limits. Laboratory
performance-is evaluated using a.
constant yardstick independent of
-performance achieved by other.
‘laboratories partrcrpatmg in the same
study A flxed criterion based on a
percent error ‘around the “true” value
reﬂects the experience obtained from
‘numerous laboratories and includes
'relatlonshrps of the accuracy and
precrsron of the measurement: the
‘concentration of the analyte Italso
jassumes; htﬂe orno bias in the
i€ nalytwal methods that may, result in

Laverdage reportmg valies dlfferent from

the reference “true" value Thrs concept

}PQL (300 pCl/ 1} proposed
1on, demonstratmg the

‘el‘ proposed;f or. regulatron
) r). The acceptance limits are

ratorles to perform
alyses w! meetithe proposed
acc ptance limits. The Agency believes
that these circumstances are to be

addressed by the individual

‘laboratorxes when executmg the . -

analyses using the proposed
methodology.

The proposed acceptance limits for
the radionuclide contaminants are .
summarized in Table 18. The acceptance
limits only apply to concentratrons
above the- PQL S

TaBLE 19‘.¢—PR0POSEDMACCEP"|’JANCE

o LaviTs
1 Accept-
. ance
Contaminant “lienits at
‘ the PQL
{percent)
Radium-226 y y +30
Radium-228... P, T A80
Uranium natural RTINS | +30
Radon-222 bern 41 30
Gross alpha emitters ... . %50
Gross beta emitters +30
Radioactive, Cesmm '

134 . — 4 . 20
137....... Senresonss ; +30
Radloactwe Iodme | . +20

Radaoacﬂve Stronhum- ) I I
89..... - | . 80
LT B TN S R SO B = '
Tm‘ium et ORUR: - 420

leceptance Timits based on 100 mmute count.
(EPA 1991r)
F. Proposed MCLs and Alterna'aves
Consrdered

The secnons below dlscuss derzvatlon
of-each of«the MCLs for the ©. - .
contammants proposed for regulatmn

The'first section presents an evaluation

of radon in water and discusses: s‘pecial

‘ pohcy 1sslnes EPA considered in

chcosmg ythe MCL to propose for| radon.
This is followed by the derivation of
MCLs for'radium, and uranium which
are proposed today. This is followed by
an alternative basis forregulation, the
lowest; techmcaﬂy feasible levelslimited
by affordabrhty ta large water, supphers,

anwhich EPA requestsipublic comment.

Finally, préposed MCLs for alpha-and
beta emitters are discussed.

. 1. Radon. Regulation of radon in ‘water
isa complefx issue for several reasons.
In evaluatmg the various alternatrves for
proposing & radon MCL; EPA consrdered
the orltrcal policy question of whether
radon ih water should be regulated like
other drmfkmg water contammants, ar
whether it should. be regulated more in
accord, wrth its importance compared to
overall: radon exposures. In considering
the radon IMCL, EPA revrewed« and
evaluated; alternativesis over the range of
200 to 2000 pCi/L

The primary health. hazard posed by
radon in water is due to its volatilization
from water during household water use,
and enrichment of indoor air raden
levels, thereby contributing to increased
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risk of lung cancer. Direct ingestion of
radon may also pose some'risk of -
stomach and other cancers. Whﬂe on
average water makes a small* |
‘contribution to indoor air ra n (about
5% for houses served by ground water),

"+ itis prevalent in drinking water from

groundwater 'wells and-does.contribute
to the very. gubstantial risk§'posed by
radon in the environment overall.
Because it is a volatile gds, very little
. radon is expected to befound in surface
water, and no,surface witer systems are
- #anticipated to require treatment EPA
-estimates that 30,000 or more public
water-gystems: serving 30:million or
more people may have radon in water at
levels exceedmg an. estunated 11074
; p"Cl/ I water)

ina taqut 04 t00. 5 pCI/l alr] present
jum dl fetun i cap er nsks of

»:alr radon

ng oancer deaths
' 5—490 may be

.C.2 above,
eVIewmg a

;nnunltles
sks' above

Isoil| 'gas: Radon
«drir ‘l(mg ‘water

:reqmred to
red: to customers

‘ 'in'iplemer‘it

‘ to the SDWA requlre EPA 1 develop an

MCL for radon.
Fmally, while saving an est1mated 57—
| -dases annually (the
estunated benefit of regulatmg radon in

" water in the' ‘range of 500 to 200 pCGi/l,

respectwely] is:a small number
compared wﬁh the estimated 8,000~
40,000 annu ‘GANCer cases caused by

radon exposure {EPA, 1989g] it would
bea substantial publi¢ health benefit
compared with other: drinking water
regulations'anid other environmental
regulation programs administered by
EPA. For example, regulatmn of vinyl
chloride in drmkmg water is estlmated

e

1s‘ethylene 1brormde, with an estlmated
72‘ cases avo1ded per: year, EPA b

water constltutes‘ an opportumty to
achieve a: spbstantlal public health
benefit in an area of high environmental
risk;'and toldo so at relatlvely low cost.
EPA also ns1dered other factors in
developiﬁg rade

Iy o
d1scussed

sens1t1v1ty‘decreases by one half for
every 3.8‘ ays after collection that the
al

] ‘ 1eves isata reasonable
limit, a‘nd Hat overall a PQL of 300 pCi/

1 1s" éit the

d‘ata. Shou | eddltlonal data show that
itiis dlffmult for labs to perform -
conmstent analysxs at this level W1th the

s), or if data uncertamty
1isiy {i.e. the +30% now
estlmated and believed tobe '
acceptaole) renders the MCL impossible
to 1mplen‘1ent ithe PQL could possibly be
reviewed tand revised upward. Sumlarly,
should new data show analysis easier at
low levels than notw believed, the PQL
«could be pevised downward. The recent
study by Lowry [1991) indicates that
some individual labs may achieve better
performance than the minimum
requlrements proposed here.

EPA also considered potential
dxfﬁcultles \m lmplementmg aradon

o i [

MCL at different levels in the range of
200 o 2000 pCi/l. Implementation was
considered to be a serious issue only-in
the range, of 200-500 pCi/l. A large
riumber of PWS would be affected at
any MCL in the range of 200 to 500 pGi/l,
but many more systems would be
affected at'the 200 pCi/l MCL option.

There'are approxunately 48,000

community and-20,000 non-community,
non-iransient public water systems
served by ground water sources. At an
MCL of 200 pCi/l, EPA estimates that
33,000 PWSs would be réquired to take
action to meet the MCL; at 300 pCi/l,
26,000 systems would be affected; at 500
pGi/l, apprommately 18,000 systems
would be affected. EPA is partlcularly
concemed about these impacts because

‘of theioverall regulatory burden being

placed on water suppliers as.the 83
mandated contammants are regulated

uge radon i isa problem only for
‘d Water dependent sy stems, a
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‘ina 1mplementatlon setting become
~apparent (i.e., the PQL may be’ 'sef higher"
‘if 4 day dehvery to labs proves too

The reIatlve magmtude of risk s £
Tadomin water [vs soil gas] is mportant

*_ to indoor radon levels i is.in most, cases
" much larger than the witer, “
testing and mitigation strate gies for

. 'prlvate homes shotild cons1der all -

pubhc wat

feasible level at whloh radon can be

“regulated, and proposes to set the MCL
. at this level.

" EPA solicits pubhc comment on this

‘ ,proposal as well as 4ll the alternatives
" considered, from 200 to 2000 pCl/l In
: %partlcular, comment i§ sought on 200
"pCi/l as an alternative, in light of new

studies indicating that radon analysis

i may be improved iri the future and the
‘}greater health benefits at this’ level (an "

. ‘estlmated 20 additional cancer cases
‘avoided annually), and also on 500 pGi/l

as an alternative, if analytic difflcultles

short) and in light ¢ of thé substantial

;unplementatlon burdes, that would be
- ”unposed by lawer yalues.

Another 1ssue of ¢ concern to EPA

for home.owners to bear in mind’ when
applying any radon: MCL to: private
wells. Because the soil gas: contribution

sources of radon. The mitigation -
strategy which is most cost-effective
overall for an md1v1dua1 home should be

‘used.Ina ma]orlty fcases, this will

mean controllmg
contribution to, indoor radon before

ensuring that ther MCL is'met. Soil
gas contrlbutes more. radon to the 1ndoor

soil gas

Economles ‘of scale:ufor treatment by
systems make radon

- water cost effectlve for

‘ lent isun hkely to be
the most cost—effe ve first step in .

1oatlons for
ate welI owners to

o

EPA sohc1ts pubhc comment on these
issues regarding regulation of radon’
under the SDWA,

2 Radium and Uranium MCLS. As

“described above, all radionuclides cause

cancer by the same mechanism, ie.,
delivery of ionizing radiation to tissues
(in the case of drmkmg water, .

" internally), and it is therefore possible to

. make compansons among them.. Several
" comparisons may, be made in the course *

f developmg regulatory standards

* mcludmg the total’ rad10act1v1ty

* removed from'potable water in pCi/l or
" 'more conveniently, uCi/l {one million *
_pCi equals one uCi), the pCi/l {or uCi/l) -

‘emoved, or rems ede, the effective dose
to tissue, These compansons allow

“ldssessment of the relative cost- -
., effectiveness of controlling the different
adlonuchdes sub]ect to today s rule.

. The COIltI‘Ol'OpthIlS con31dered by
A for radiunr'and uramum range from

“the. contaminant level that'c Gan be:

ehably measured in routlne laboratory

ng an approxnnate 10 *
individual ‘hfetlme risk level and for

“granium, the level at which' kldney

: tox1c1ty concern arises, EPA also
"con31dered the levels to'which these

' «contammants cdn'be treated in drinking

- 228'and; uraniumy EPA then consxdered a

water in assessing which control.options
are techmcally feasible.
‘The Agency determined that it is

’ technrcally feasrble to achieve control

levels of 5 pCr/ 1 for radium 226, radium

mllhon per u i removed Even at radium -

Ievels equal tor the 10‘4 rrsk level, the
0 1

hon per. uC1 EPA also
st per rem removal for
ants. ‘Whlle the cost

the cost per rem of removing: ;dlum and
uramum is far, greater than the cost of

uf eve)]
occurrmg uramum m the envrronment
EPA estimates that the DWEL for

" uranium is 100 pg/1, and using a 20%

RSC, as discussed in section IV above, a
safe drinking water level would be 20
1g/1, corresponding to approx1mately 26
pCl/ 1 (using the conversion of 1.3 pCi/
'pg; this value rounds to 30 pCi/l). This
. value is below the 10~ lifetime
individual cancer risk level and is
protective for kidney toxicity, the
limiting adverse health effect level for
“naturally occurring 1 uramum in drmkmg
water.

The SDWA dlrects EPA. to consrder

‘cost in setting MCLs. The- Agency does

not believe it would be reasonable to
estabhsh MCLs that would i unpose such
dlsproportronate costs for removmg
what is effectrvely the same = |
contamlnant from drlnkmg water

‘uranium at levelsless strmgent than
may be techmcally feasible (if only
affordablhty tolarge systems ‘was taken
“into constderatlon] These level§ are, for
radium 226, 20 pCl/ 1 for radium 228, 20
pCi/l, and for uranium, 20 pg/1. The
proposed levels will assure that persons
served by PWS will not be exposed to
greater than 10~*lifetime cancer risk,
and will for uranium also protect against
p0ss1ble kidney tox101ty

techmcally feamble 1evel "
EPA regognizes: that setting. radlum
standards at levels less strlngent than

MCL levels proposed EPA also solicits




_ Federal Register / Vol. 56, No. 138 / Thursday, July 18, 1991 / Proposed Rules

_comments from systems that have

_ installed or need to install treatment to
' meet the current interim standards.
.. 8. Alternative MCLs. EPA has
" generally set MCLs at the lowest

" ‘technically achievable level, with cost
considered largely in terms of whether
the standards would be affordable to
large public water systems, ‘

Key technical information used'in
assessing the lowest feasible levels has
been based on engineering and analytic
chemistry capabilities, with affordability
determinations based on the estimated
increase in residential water bills,

Engineering feasibility is assessed
based on the treatments available as
BAT, and the occurrence of the
regulated contaminants. The BAT
‘treatments for these confaminants are,
at maximum efflmency, capable of
‘achlevmg 90% and greater removals for
~ all of the regulated contaminants, Radon
'removal by aeration treatment ¢an
exceed 99% removal. Occurrence iof the
‘contammants is reviewed i in. de all in

sectlon III of this notice. The average
radon level in the NIRS survey was
about 800 pCi/l, with a maximum of
26,000 pCi/l. Maximum radium 226 and
228 levels in the NIRS survey were both

below 20 pCi/l{occurrence at higher

levels is based on a statistical pro;ectlon
of the 1900 data points in NIRS to the -
entire gountry) The maximum uranium

level in'NIRS was 88 pCi/l. Based on

treatabxhty and occurrence, radon could
theoretlcally be treatéd to 100 pCi/l or

Jlower in most water supply systems,

radium 226 and 228 could be treated to 2 .
pCi/l or lower in most water supphes.
and uranium could be treated to 5 pCl/ l
or lower as described in Table 20.
In reviewing analytic. capabilities,
EPA identifies the practlcal quantitation
level, QL. This is the level EPA

‘beheve can be measured on a routine

basm m“comphance monitoring, within a
fixed rate (often + 20%—40%) as
described in section V.E. In reviewing

the analytic capablhtles, EPA . ‘
determmed that the radon PQL could be

‘ TABLE 20.~BACKGHQUNQ JNEORMATION. ON RADIQNUQ;IDES

' ey

estabhshed at 300 pCl/l and that
radium 226, radium 228, and wraniurm
PQLs can be set at 5 pCi/l. S

The cost of treatment for removal of
these contaminants ranges from about
$4 per househald per year (for radon] to
$60 per household ‘per year for radium. .
" “Thesé are ‘costs to large public water :
systems servmg 50,000 075,000, and . - ¥
-cost to residents of small systems would ¢
. be higher. All of these costs are within -
the range’ that EPA considers to be
 affordable for large pubhc water supply
‘'systems.

Based on these consxderatlons, EPA -

: ;c/vould consxder the lowest feasible

“levels to which these contaminants
.could be regulated are 300 pCi/l for

~ radon, 5 pCl/ 1 for radium' 226,5 pCl/ 1for :

‘radium 228 and 5, pCl/ 1 or uranium
(kidney tox1c1ty by uranmm is not the
Tlimiting factor here, as it is above) and
15.pCi/l for adjusted gross alpha. EPA -
‘solicits pubhc commeént. on these levels
as possible alternanve MCLs for the
radmnuchdes "

7‘ :
e oL '

T v B ‘1 L ¥ [ t T
A . An-222 | | . Alpha
Lowest Treatment Ieve! (pCl/l) . <100 i <8
PQL (pCi/l). : 300 ‘|18
Treatment Cost $/HH/yr.—Large systerm $4 $130
“-Lifetime risk;level. (pCifl).. 150 n/a
0 { 27M } n/a
| 195 B n/a
bt
Rn-222 | Ra-226 Haf225 U Alpha
MCL Options {pCi/l): : | o
. ' Proposed ooy . . 300 20 20 | 20 pg/1t | 15
~ Alternate! . ‘ ‘ 400 5 5 5 15
Lifetime risk: BT . I i ]
Proposed...... 2x107¢ . [ 1X107¢ |8X107% |[1X107® |n/a
Alternate L 2x107¢ h2x10 2X10™% | 3x107¢ |nfa
Cases avoided/yr.: ' o ‘ o ‘ .
Proposed 2 i : . 80 3 102 021 n/a
Alternate! - Siteensnin] 80 5 |06 0.6 n/a
Fraction of total cases avouded/yr.: s . IR
Proposed ‘ 0.41 0.38 10.03 0.17 n/a
Alternate‘ - 0.41 0.63 0.19  0.33 | n/a
No. Sys affected n .
Proposed b 26,000 |70 40 1500 130
Alternate . 26,000 590 | 500 7200 130
Total s/, .
Proposed - $180M | $30M $6M $55M - | $37M
Altérnatd. $180M | $120M | $55M $225M | $37M
$/rem(Ky; . e
Proposed $1K . $1.6K $3.9K '$380K n/a
Altema!e $1K - $5K 1 $17K $700K n/a
$/uCic ot |
Proposed $20K ~ [$600K | $1.6M $2M n/a
: Altemhte : $20K - | $2M $2M $4M n/a
Incr. $/case:; . ' 1 '
Proposed $29M  [$23M | $50M  |$57M | n/a
Altematef $2.9M $75M $158M —_ n/a

Source: EPA 1991i

1 Approx:mately 900,000 people also reduced to exposure |evel with increased probability of kidney toxicity.

[P H
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4. Gross alpha and beta and photon.
MCLs. Alpha and beta emitters are a

~way of broadly grouping a large iumber R
‘of radioactive contaminants based on
- their radioactive characteristics.
“‘Radioactive isotopes have characteristic
* ‘decay patterns which allow them to be
identified as being primarily alpha, beta

or photon (gamma ray) emitters

‘(although many compounds decay by a |

combination of these routes with one

_ being predominant). Alpha emxtters are

primarily naturally occurring
compounds, although some are man-

‘made {such as plutonium). Beta emitters

are hiostly man—made compounds, but
some are naturally occurring (such as
radium 228 -and lead 210), The 1986
amendmetits to the SDWA direct EPA’ fo
‘estabhsh MCLs %for these‘tWo categomes

found frequently enough to warrant
public health concern, and therefore
regulation. EPA further believes that

public water systems using water that is
known to have the potential to become .

contaminated with nuclear reactor (or

other nuclear faclllty) releases, by either

scheduled or unscheduled release,
should monitor for these’ compounds and
that there. should be standards i inplace

" 'to protect the pubhc should hlgh levels

_ocaut.

LA Gross alpba There is currently an
interim: ‘MCL. ﬁor alpha ermtters which
was set 48'a s een for the occurrence of
both radmm 22¢ ‘and other alpha

alpha MCL,‘(ewcept ‘henlt' l‘ ue’
‘ s), The 15 pCl/ 1 MCL

addlhon,
uIm may occur.

parate MCLs, with
itoring; be set.

anism to detect potentlal

( rence and. redace exposure when

a pha emltters do occur is warranted.
lieves, that a gross alpha MCL

ern tte 5is bemg proposed as zero,

- identified,

"becausealli ionizing radiatlon is
'considered to be carcinogenic. Lifetime
risks in the 1X10~*range for alpha
emitters in drinking water are 14 pC1/ 1
for polonium, 50-125 pCi/l for various
thorium isotopes, and 7 pCi/l for
plutomum (see appendix C).

_EPA has also reviewed the available
treatrnent information to determine
what levels of alpha emitters can be
successfully removed. EPA has also

E conducted. limited pilot scale studies to
" better determine the treatab1hty of

polomum iPA,’ 1991k) BAT hasbeen
reverse osmosis. fon

exchange, GAC, and coagulatlon and
filtration have been shown to remove

. some-of these. contammants, but data

madequate to consider any of them
RO can remove up fo 99% of alpha

alpha exmtters ; 'the gro alpha test
(EPA- N 0.900.0) o1 gross: alpha'by :
‘copre pltatlon, when,h1gh amounts of

would
lifetime'tisk rhrige. |
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be the lowest level at whlch 1t is fea31ble
to set the adjusted gross. alpha MCL,
bounded by 10~ *lifetime risk. =

. EPA recognizes that there could be

© situations in whlch several

' radionuclides occur together in drinking
water.. Based on the data aVarlable
today, it appears unhkely that, =
radlonuchdes will co-occur at levels .

_ near the proposed MCLs. Therefore, the .

potential for overall risks to'be greater
* than10~* appears . small. EPA: solicits
Lpubhc comment on its proposed MCLs
in regard to possible co‘occurrence of
radionuclides’'and p0331ble approaches ‘
to ensuring that overall rlsks do not rise
above the 10~*level.
Assessing the 1mpacts of the' proposed
ad sted gross alpha MCL is difficult

data, and also gcduse of>1ts * screemng
hature Asa worst case, EP \: estlmates

ad]usted gross alpha MCL of:
andl alt

base. N

' b; Beta:and. pboton emztter .‘There are
over 200 beta and photon emltters
covered by th1s lregulatlon (see appendlx

vmg ilp to 99% of these

evleral exceptlons Only.
is pable f removing

iper yearﬁ r a small
n $84 $230 per

At the time of the interim standards,
there was great concern about the
fallout of strontium 90 {and others) from
“above-ground nuclear tests. Since the
ban'on above-ground tests in 1963,
envrronmental levels have declined and
the concern now has shifted more

' toward water which is vulnerable to

radionuclides released from industrial
and ‘governmental (DOE) facilities and,
to a lesser degree, landfills. Controls are
in place for discharges from these
sources under the Clean Water Act,
RCRA.,, and NRC and DOE regulations.
These regulatlons are intended to be
protectlve of the environment and public
health. The. drinking water standard
under these ‘conditions becomes an

ad]u ct to hese release. restrictions, and

release, where these regulatlons are
vml ited.. EPA nonetheless believes it is
e5sary ’nd appropriate to estabhsh
etd and photon emitter MCL to
1sure protectlon of publlc health in
thes ol‘ umstances, and is reqmred to

 to the SDWA whtch Tisted
r,s as among the 83

G. Proposed Momtormg and Replortmg
Reqmrememts

Compham:e Irlonrtorlng requlrements
pbsed for deterrmmng
th the MCLs Im *

momtorm

contamman ] EPA consxd” ‘ed‘

(1) The 11 ly 8 urce of contammatlon
of drmkmg ate

(2) The |
water and‘ rf ice water systems,

{3} The collection of samples which
are representatlve of consumer
exposure,

(4) The economic burden of sample
collection and analysts, ‘

(5) The use of historical. ‘monitoring
data to identify vulnerable systems and
to specify monitoring requlrements for
each of the individual systems,

(6) The limited occurrence of some :
contammants, and

{7) The need for States to taﬂor .
momtormg reqmrements to sﬁe-speclflc
conditions.

A major goal has been to make these

; ‘momtormg requlrements consistent with
“the monitoring requirements for other

regulated drinking water contaminants,

-as described in the;standardized .

“momtomng requi ents. EPA wants to
dEVelop monitoring: Tequirements. that
will meet tHe statutory goal ¢ of: -ensuring
compllance with the MCLs ‘wl'ule
prowdmg efflclent utlhz ion. of State
and utility resources. The' momtormg
‘program will focus on ta getmg the
momtormg efforts in indiv :
supply systems to the co

loc}tatlons and
nultanecus

‘the regulatlon is
yi1, 1996, in
2led monitoring

der Section
nd

]
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‘the regulation is finalized. EPA sohmts
ublic comment on the effective date for
~--the monitoring requirements,

particularly whether monitoring should .

begin before January 1, 1996.

"" Surface water systems must sample at

"'points in the distribution system which

.. are representative of each source i.e., at
each entry point to the distribution
system which is located after any .
-reatment and which is representative of
-each source. The number of samples will

. be determined by the number. of sources
'or treatment plants. Sampling miist be
.done at entry points to the distribution
'system for ground water systems and
-the number of samples will be, .. .
determined by the numberiof entry

-points. This approach will make it easier

to identify possible contaminated :
isources (wells) within a.system. In both

proposed sampling locations. are such

that the same sampling locations-may be
used for the collection of samples for

other source-related contaminants such
.as the volatxle organic chemicals and
inorganic chernicals, which si
'sample collectlon efforts

L € n ought to
coord': dte contarmnant mon ting to
'sunph im

, or radaoactlve waste dJspos

.surface and ground water systems, the -

~ systems are not reqmred to test for
radon. =
Only systems designated as

. vulnerable would be required to- monitor
‘gross beta for beta and photon emitters.

Vulnerability for beta and photon
emitters would be determined by states,
and would be based on the proximity of
the system to potential sources of man-
‘made radionuclides, such as nuclear
‘power facilities, unlversmes or other
research fac111t1es, or manufacturing
‘facilities that use radloactlve atenal

either high or low level waste). EPA
suggests a 15 mile radius around such
facilities.as the yulnerable area for
purposes of requmng gross beta
monitoring.

-MCL exeeedences would trlgger
increased’ momtormg requirements,
which: could be ‘teduced to.the base
monitoring requirements once -
comphance with the MCL is Te-

h L ‘

‘long—term, ohromc exposure,
umty and non-community,
non trangient public water supplies
WOuld be requlred fo'monitor for them.
‘ a. Radan momtoz:mg for

: d‘e‘veloped L If

ompl’lance and increased
ed mofutormg requirements.
rould' be détermined based
0 ly samples in
year of monitéring, and”

the initia]

annual samples in the second and third
years of the first compliance period. The
reported values (rather than the bottom
of the error band associated with the
measurements) would be averaged
together; systems with averages

- exceeding 300 pCi/l at any well or

sampling point would be deemed to be
out of compliance, Systems exceedmg
the MCL would be required to monitor
quarterly.until the average of 4

consecutive samples are less than the

MCL. Systems would then be allowed to
reduce momtonng to one sample
annually per‘well or. samphng point.

’ States would be allowed to reduce

per three-year comphance perlod per

well or samphng point, if the state
determines that the system is reliably

N Vand consmtently below the MCL

unconnected wells would be requu'ed to
conduct,-moreased momtormg only at

on the ‘ad sablhty of

ne year
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; -, -MCL. Systems with unconnected wells
.. 'would be required to conduct iricreased
‘monitoring only at those wells " -

exceeding the MCL.

Gross alpha; measurement would be
used both to determine .compliance with
the adjusted gross alpha MCL and as a
screen for radium 226 and uranium,
provided the analytic requlrements
described in section V.D are met, These
requirements include appropriate
calibration of:equipment to ensure that!
neither radium 226 or uranium are

‘underestimated by the screen.

Comphance determinations for ad]usted
gross alpha, radium 226 and uranium

‘based on gross alpha measurements are
listed in Figure 2. Ad]usted gross alpha
‘is defined as the gross alpha ' K

measurement'less radium 226 and less
uranium. Because the adjusted gross
alpha MCL is less tha e radinfm 226
and uranium M Ls, one or both of these
may need to be specuflcally analyzed to
determine adjusted gross alpha
compllance even; ough ithe gross alpha

j ‘ uraruurh MCLs ‘would
be considered tobe in. comphance with
those respective' MCLs.. Speclfic
‘analyses of eitherior. ‘both: ;contaminants
‘uf the gross' alpha

e respectlve

MCL.
For ad}usted gross alphas radmm 226
and uranium, comphance would be
based on the ave age of aninitial .
sample exceeding the MCL and.a
.confirmation, sample f(as the reported

.values, not the lower bound of the error
‘band,associated

ith | the measurement).
c.comment on the

EPA: solicits

‘proposed radium 226 ind uramum

memtormg, and e gross alpha
mmants,

e fact that the

y in llght ‘
uramum MCL i

n system Samples would be
water after any treatment.

ceedlng the MCL would be
momto quarterly unitil four
samples were less than the
‘”exceedmg the

sample per nine yeat comphance cycle 1f
the state determlnes that a system
conmstently and reliably meets the
MCL. Systems with uncomnected wells
would be required to conduct increased

monitoring only at ‘those wells

exceeding the MCL. | - :

Gross beta measurement would be
allowed to serve ds a screen for radium
228 levels. Systems with gross beta
n dium 228 MCL
would be consrdered to.bein™
comphance with the rad1um-228 MCL.

‘Systems with'gross’ ‘beta levels

exceeding ‘the rad1um-228 MCL would be
requ1red to measure radlum 228
speclflcally " :

For.radium-228, comphance would be
based on the average of an initial
sample exceeding the MCL and a
confifmation sample {as the: reported
values, rot the lowerbound of the error
band: assomated with the measurement)

4. Béta and photon-emitters. Because
of revisiong in the estimated: drmkmg
water concentrations of various beta
and photon emittersithat correspond to
a yearly dose of 4 Tarem ede; EPA» is
proposing to revise and slmphfy the
monitoring requirements for| beta and
photon emitters. The rewsed estimates
in general allow for less spemﬁc
monitoring and greater reliance on the
gross beta screen. In addition, because
of the special vulnerability .

circumstances which could result in the )

presence of' man-made beta: emltters in
drinking water; momtormg more
frequent than that required for other
contaminants under the standardized
monitoring program is being proposed.
The current gross. beta. monitoring
program requites,all vulnerable PWS
and all systems serving 100,000 or more

persons to perform ascreen plus specific '

analyses for. several contaminants. EPA
proposes to revise these requirements so

that only vulnerable systems would be

required to perform gross beta
monitoring. States would make the
vulnerability determlnatlon for each
PWS, and it would be based on the
prox1m1ty of the water source for the

_system to fac111t1es using ot: producmg
radioactive materrals_ EPA. suggests that

all systems within a 15 mile radius of
these facﬂmes be con51dered
Vulnerable, as well as systems using a
water source' clearly lnﬂuenced by such.
a facrllty All systems using water that
could be influenced by releases (either
scheduled r;unscheduled] from
facilities such as. nuplear power plants,
Department of Energy nuclear facilities,
Nuclear Regulatory Commission
licensees, low 'or hlgh level nuclear

waste storage or dlsposal fac1ht1es or

" other facilities using or making
) radloaenve materlal should be

= -
con31dered vulnerable Momtormg pould
be required of either surface or grotind’
water dependent systems dependmg on
their vulnerability. -

EPA considered two gross beta
monitoring programs. Under the first
alternative, the current 50 pCi/l screen
for presumptive compliance, along with
additional specific monitoring for tritium
and strontium 90 would be required. If
the 50 pCi/l screen were'met, and
tritium and strontium were individually
and’combined below the 4 mrem ede
value, the system would be considered
to be in compliance. The beta;screen
would be required quarterly and the

- trititim dnd strontium wotld be required

annually,ias deséribed in Figure 3.
Unider the: second alternative,ithe beta
screen would be set at the gross beta
PQL. of 30'pCi/}, 'and only specific
analysis of tritium would be required.

" The screen would be required fuarterly

and the tritium analysis annually
Becatise of the vulnerablé status of
these. systems, no reduced momtormg
woiild be;allowed. Undereither
alternative, water suppliers would be

" requited to 1dent1fy the partrcular

contaminants present if the screen is
exceeded, and-add the jtlmated doses
i tlum and strontlum 90 under

. EPAptibposes o esta Ixsh the first
| fireta the 5 pCl/l

‘ ng : scbedu]e In order to
‘and on analytlc

t’ e‘ schedule for

but a all systems
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uranium, have also been available since
then. Most water suppl y systems that
would be covered by these proposed .

regulated contaminants for several
years. Data coliected in compliance with
the interim MCL requirements (i.e.,
analyses by certified labaratories)
would be allowed to be used to
determine compliance with the proposed
MCLs. While no EPA-approved radon
analytic method has been available,
EPA recognizes that many water
supplies have conducted some radon
monitoring in recent years. Data on
radon occurrence generated using

regulations have been monitoring for- the'

méthods and w1th lab‘“oratory ,
performance similar to those proposed

. . here would be allowed to be.used to. .
“determine compliance, 4t the discretion

of the State.

7. Monitoring for unregulated
contaminants. As discussed above,
available data are inadequate to
determine whether lead-210 occurs
frequently enough to. warrant public
health concern. EPA'is therefore ..
proposingto require all commumty and
non-community, non-transient public
walter systems to collect'one sample '
from each well or entry point to the
distribution system, after any treatment,

and analyze the sample for lead-210.
States may require systems to collect
one confirmation sample. All regulated
systems would be required to collect -

.and analyze one sample for lead-210, so

that adequate data on which to assess
exposure may be obtained. EPA solicits
public comment on this proposed
monitoring for unregulated
contaminants.

EPA solicits public comment on the
proposed monitoring requirements
described above.

BILLING CODE 6560-50-M
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FIGURE 3. GROSS BETA SCREENING OPTIONS
Option 1: Higher Screening Level

MONITOR QUARTERLY' MONITOR ANNUALLY
MEASURE ‘ » MEASURE TRITIUM
GROSS BETA ‘ ‘ - AND Sr-90

YES
Is BETA <50 pCi/L
v
NO . Is TRITIUM -+ YES
.< 60,000 pCi/l
_ANALYZE TO IDENTIFY
INDIVIDUAL BETAs; |
SUM DOSES NO
v
‘ YES
‘ Is Sr-90 <42 pCi/l
YES Is ANNUAL DOSE
FROM BETAs
< 4mrem/yr
NO
NO
v
NON-COMPLIANCE NON-COMPLIANCE

> COMPLIANCE COMPLIANCE «—
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option 2: Low Screening Level .

. MONITOR QUARTERLY =~ ° = MOKITOR ANNUALLY. .

R
i 7

o MEASURE R R N
* 'GROSS BETA 1 .0 .| MEASURE TRITIUM '

o IS TRITIUM 1*§Es

VES : A
- < 60,000 pCi/l

IS BETA <30 pCi/L. |

ANALYZE TO IDENTIFY| —
~ INDIVIDUAL BETAs; R NoN- - |
- SUM ‘DOSES .~ - | = S CO’MPLI’\ANCE‘ £

; | yEs | IS ANNUAL DOSEE | . . . | COMPLIANCE |+—
R 1 FROM BETAs I C T
e <4 mrem ede/yr I

;ﬁo

"~ NON-
. COMPLIANCE

COMPLIANCE
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H. State Implementatlon

The Safe Drinking Water Act provides
that States may assume primary
implementation and enforcément
responsibilities. Fifty-four out of 57
jurisdictions have applied for and
received primary enforcement
responsibility (primacy) under the Act.
To implement the Federal regulations for
drinking water ¢ontaminants, States.
must adopt their own fegulations which
are at least as stringent as the Federal
regulations. This section'of today’s
proposal describes the tegulations and
other procedures/pohcles that States -
must adopt to 1mplement today’s .
proposed rule. EPA has recently revised
its prograni’ 1mplementatlon
reqiuirements of 40 CFR patt 142, on
December 20, 1989 {54 FR 52126] -and on

q ‘
W nthey are ro lgated §141 25,

‘ Radlonuchde Semphngw and Analytical
‘ Requn:ements, § ‘41 32/ General pubhc

In dkhtlon to adoptmg drmklng water
; regulatlons no less stringent than the
‘ Federal regulatlons llsted above, EPA is

: requlrements
. order.to have the;
* application appx;ov“
respects the propos

1mplementat1on of the monltonng
requirements by this rule.

Today EPA isialso | proposing changes

it recordkéepmg and reportirig

requu-ements EPA § proposed changes
are discussed Below. EPA requests
comments on these proposed
requirements.

1. Special primacy requirements. To
ensure that the State program includes
all the elements necessary for an
effective and enforceable program, the
State's request for approval must
contain the following:

(1) If the State issues waivers, the

procedures and/or policies the State will

use to conduct and/or evaluate
vulnerability assessments;

" (2)'The procedures/policies the State
will use to allow a system to decrease
its monitoring frequency; and

(3) A plan that ensures that each
system monitors by the end of each
compliance period.

2. State recordkeeping. The current
regulations in § 142.14 require States
with primary enforcement responsibility
to keep records of analytical results to

determme comphance, system

inventories, sanitary surveys, State
approvals, enforcement actions, and the
issuance of variances and exemptions.
In this rule, States would be required to
keep additional records of the following:

' (1) Any determination of a system's:

vulnerability to contamination by beta
and photon emitters due to proximity of
an emitting source; and (2) any

determination that a system can reduce

monitoring for gross beta, uranium, .
radium 226 or 228 or increase monitoring
frequency. The records must include the
basis for the decision, and the repeat

~monitoring frequency.

Systems that are located within a 15
mile radius of a nuclear facility, or
hospitals or other locations that use,
store or dispose of radioactive material
should be considered vulnerable to

contamination, and therefore, monitored

more closely. Systems that are  found not
io be vulnerable to contamination will
be listed as such. This information will
be available to EPA for review ina .
similar manner to current records kept
by the State.

3. State reporting. EPA currently
requires in § 141.15 that States report to
EPA information such as violations,
variances and exemption status,
enforcement a¢tions, etc. EPA proposes
in this notice that in addition to the
current reporting requirements, States

‘report to EPA:

(1) A list of all systems on which the
State conducted a vulnerability
assessment, the dates of those
assessments, the results of that
assessment, and the basis for that
determination; and

(2) A list of all systems on which the
State is requiring repeat monitoring for
Gross beta particle and photon emitters,
the results of that assessment, and the
basis for that determination. -

EPA believes that the State reportmg
requirements contained in this proposal
are necessary io ensure effective
oversight of State programs. Public
comments on these proposed State
reporting requlrements are requested.
EPA particularly requests comments on
whether the proposed reporting
requirements are appropriate.

1. Variances and Exemptions

1. Variances. Under section
1415(a)(1)(A) of the SDWA, a State
which has primary enforcement
responsibility (i.e., primacy), or EPA as
the primacy agent, may grant variances
from MCLs to those public water
systems that cannot comply with the
MCLs because of characteristics of the

" water sources that are reasonably

available. At the time a variance is

granted, the State must prescribe a
compliance schedule and may require
the system to implement additional
control measures. The SDWA requires
that variances may only be granted to
those systems that have installed BAT
(as identified by EPA). However, in
limited situations a system may receive
a variance if it demonstrates that the
BAT would only achieve a de minimis
reduction in contamination (see

§ 142.62(c}). Furthermore, before EPA or
a:‘State may grant-a variance, it must
find that the variance will not result in
an unreasonable rigk to health to the
public. served by the public water
system. The levels representing an
unreasonable tisk to health for.each of
the contaminants in this proposal will
be addressed in- subséguent guidance
(see ‘discussion below]. In gene;‘al the

hnearlzerl multlstage model in
accordance with the Agency’s risk
assessment guidelines; See URTH
Guldande, 55 FR 40205 October 2, 1990).

1 gent than EPA
; Of course, a

i d that the‘ system is unable to (1)
ystem, or (2)

dlfferent treatments under1 section 1415
: nces than BAT under section
for MCLs EPA’s s section 1415 BAT
fmdmgs may vary dependmg ona

of factors, 1‘nc1ud1ng the number
?

ing feasib ‘1ty, and the costs of
nce w1th MCLs.

clion ; 1415 Best Available

Tech Ulogyfor Eadzonuc]zdes Table 22
shows the BATs th,at EPA is proposing
for variance purpoSes under section 1415
for radmonuchdes EPA has not proposed
coaguﬁ tion/ flltratmbn\or lime softening

as BAT for small s‘s‘lstEms (i.e., those
systen}s <500 conﬁechons] for the
purpose of grantlng variances because
they are not technologlcally feasible for

small systems, as dlscussed below.
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TABLE 22 —PROPOSED BATs FOR
VARIANCES UNDER SECT|0N 1415

vk

‘ Contammant" o T BAT
Radon 222...... S
Radium 226 ...t "
. Radium 228.....i%. &
Uranium (N) is

Alpha particle’ emitters'...
Beta partlcle and Photp mi

Key fo BATS: .

_1=Aeration: Packed Tower, spray, slat tray and

other forms.
+ 2=on exchange. .
3 =Reverse osmosis.’

=Lime, softehing; ' except for systems serving .,

<500 connecuons-
5= Coagulatuon/ﬂtratlon except for systems serv-

' mg < 500/Connections,

=Mixed bed ion exchange

Coagulatlon / flltratmn and lime

) softemng for radionuclides (i.e.,

uranium, radium-226 and radium-228)
involve a: greater degree of complex1ty
than'is requu‘ed forremoving

con sntional contaminants {i. e., «
removal). These differences

‘result in increased operating time and

level of expertise needed to operate
coagul‘ on/filtration and lime softening

" systems. Specific differences’ include: (a). . :

Genei‘ally higher' pH requu'ements for
lime softemng removal of radium and
speclflc H control for coagulation of
uranium; (b) hlgher doses of chemical
coagtilants ot lime for precipitation of
radionuclides than for conventional
turbidity removal or lime softenmg,
which can complicate treatment-
opetations with respect to chemlcal
supply, and waste by-product (sludge)
management and {c} larger
sedimentation basins and possible two-
stage processes (one for turbidity
softening and one for radionuclides
precipitation}. Consequently,
coagitlation/filtration and lime softemng
treatment are considered too complex in
terms of operating time and levels of
technical and managerial expertise
usually avallable at'small systems.
Costs of 1nstalhng and operating some
of the BATs listed in Table 22 (reverse
osmosis and ion exchange) are high for
small systems relative to costs for large
systems, as shown by EPA estimates in
tables 7 through 9. EPA is réquesting
comment on these technologies as BAT

for variance purposes for small systems.

EPA is continuing fo evaluate what
costs are reasonable for public water
systems and in this regard, commenters
are encouraged to provide a basis for
their statements on what should

‘constitute BAT for small systems.

‘With regard to BAT established under
section 1415, EPA is requesting comment
on: (1) Whether:other technologies
should be considered BAT under section
1415 for radionuclides; (2) whether it is

appropmate to exclude coagulatlon/
filtration and lime softenmg for small

. systems; and [3) the appropnateness of
‘reverse osmosis (RO) and ion exchange

as BAT under. section 1415 for. small
systems; EPA notes that RO ‘offers the
benefit of multlple contaminant removal
and desaltlng, which makes RO -
technology especially attractive for
some drinking water systems, mcludmg

© small systems. EPA also notes that don

exchange offers. the benefit of water

softening {i.e., removal of hardness]

where hard water conditions prevail.
Use of POU. devices and bottled .

water. Unider séction: 1415{a){1)(A)(i),

thie State is to'prescribe aj, schedule;for
unplementatron of any addltlonal
control measyres it may requu'e The
State may require the use of POU
devmes, botﬂed ‘water, or/othe

and to ensure that treatment requlred
undet variance provisions: reduces risks,

praposed dlsallowance of POU devices
to femove radon is requested

2 Exemptlons Under Section, 1416(a),
EPA ora. State may exempt pubhc watef
systems from any requlrements
reSpectmg an MCL or treatment
technique requirements of ; an 'NPDWR, if
if fmds that (1) due to'comp lling factors
[wh1ch’may include econgmig factors),
the PWS is unable to com ly with the
requrrememt [2) the exemption will not

ult i) 1able

hehlth; and (3) the PWS' Was in’
operation on the effective date of the
NPDWR, or for a system whlch was not
in operation by that. date, only ifno
reasonable alternative sourc"e of
drinking water is available to the new
system.

If EPA or a State grants an exemption
to a public water system, it must at the
same time prescribe-a schedule for
compliance (including mtcrements of
progress) and implementation of

“appropriate control measures that the

State requires the system to meet while

. public water system F

| the exemptlon is in effect. Under section
-1416(2)(A), the schedule must require

compliance within one year after the
date of issuance of the exemption.
However, section 1416(b)(2)(B) states

. that EPA or the State may extend the

final date for compliance provided in

-any schedule for a’period not to exceed
a total of three years, if the public water

system is taking all prachcable steps to
meet'the standard and one of the

‘:followmg conditions applies: (1) The

system.cannot meet the standard
without capital improvements which

. cannot be completed within the perlod

of the exemption; (2) in the caseofa
system which needs financial assistance
for the necessary - lmplementatmn, the
system‘has entered into an agreement to

‘6btain financial assistance; or (3) the

syste“ has entered into an enforceable
agreement to become partof a reglonal
P ,pubhc water

a substantlal nmnber of mstances,
abused,lts dlscretlon iy grantmg
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developed guidance, to assist States in
~ making URTH determinations (EPA,
" 1990k), and published a draft of the
guldance for public comment. For '
carcinogens, the draft guidance :*
recommends that URTH be set at the
top of EPA’s risk range that is generally
" considered acceptable,. 10’4 lifetime risk.
Because EPA is proposing to regulate
 these contammants at the most cost-
‘effective level, bounded by 10~ 4risk, the
URTH values could be equal to the
‘proposed MCLs, except' for adjisted
gross. alpha and uraniim. Ad]usted gross
alpha is a screening MCL; an URTH
" should riot be considered to ¢ 1
the individual contaminants in the”
ad]usted gross alpha sample exceed a
" 10~ *risk. Uranium is being. regulated
based on its kidney tox101ty URTH
idance would need to be developed
Eur utdnium’ based on th1s toxm end
intll ¢ fot
EPA solicits puhhc comment oon this
#pprodach to establlshlng URTH"
guidance for radlonuchdes o

3'0

"VI Puhhc Nohce ‘eqmrements

under section 1445(a] of the Act; (3]

_existence of a variance or exemption;
* and (4) failure to comply with the

requirements of a schedule prescmbed

”pursuant to a variance or exemption.

The 1986 amendments requ1red that
EPA amend its current public -
notification regulat1ons to provide: for
different typesand frequenciés of notice
based on the differences between’

molatmns which are intermittent or -
-infrequent and’ vmlatmns which are

continuous or frequent takmg into
account the serlbusness of any potentlal
adverse health éffects which f may be
involved. EPA’ promilgated regulations
to revise the public uutlflcatlon ‘
requlrements on October 28,1987 (52 FR
41534). The revised r 'gulatlons state
that violations of an MCL, treatment
technique or viriance or- exemphon

affected publlc of the health
1mphcat10ns of vidlating a particular

EPA standard. The proposed mandatory
health effects language in § 141.32(e)
describes in non-technical terms the
health effects assocxated with the.
proposed contaminants. Public comment:
is requested on the proposed language

7

VIL Economic Impacts and Benefits

Executive Order 12291 requires EPA
and other regulatory Agencies to

_ perform a Regulatory Impact Analysis

(RIA) for all “major” regulations. Major
regulations are those which impose a
cost of $100 million or more on the

" national economy, or *meet other criteria.

EPA has determined that this proposed
rule would be a major rule under the ,
Executive Order, and has accordingly
prepared an RIA which assesses the -
costs and benefits of the proposed:

“regulations (EPA, 199li), This regulation

has also been reviewed by the Office of
Management and Budget and their
comments are available in the public
decket

Table 23 presents a summary of the
results of the RIA, Approximately 28,000
public water systems would be required
to’ 1nstall treatment of take other actions
to comply with the proposed MCLs for
these radionuclides. Total national costs

: would be approx1mately $310 million per

year.

b5 | 5o | Ra-228 | Uranium | AGA (@) | giars | TOH
\ 1- . '

Proposed MCL (h\ ' —— . 300 20 T 20 20(c) 15 4(d)

Systems affected .. o 26,000 70 40| 1,500 130 0| 28,000
Treatment cost......! RN e : 1
Total: captial (sM) ik ‘ 1,600 190 40 350 230 ol 2400
) 70 20 3. 30 20 0 150
: o N, 180 30 61 . 60 40 0 310
‘ ’ ‘ 80 3 0.2 0.2 (e) 0] 84
A ; ‘ 5| 0003| 089] 0003 064| 025 7
Inifial (SM).. NA NA NA NA NA NA | 15-28
Annual\(sM) NA NA NA NA NA NA | 10-19
i ‘

120 630 - 650 580 770 o

30 150 | . 150 180 340 | 0

7 90 90 80 200 0

5 60 60 4] 140 0

ran lum is expressed in ug/L.

‘(‘)f the‘ water-
tth regulatlon

| [}
vary con51derab y‘ oven,}the range of

. M
C i

beta emitters;js expressed in mrems ede/year. i
s&;@vmded pér year is in the range of 0.2'to 1.4. The low end of the range is based on the risk factor associated with thorium-232; the high end
r_n 10 nsk Actual occurrence is likely to be charactenzed by a mix of several isotopes.

system sizes that would be covered by
the proposed regulations, with smaller
systems having higher costs, because
these systems do not benefit from the
engineering economies of scale that

i

large systems have. In the smallest of
these systems {25 to 100 people), annual
residential water bills could increase by
$700 to $800 for treatment of radium or
uranium. EPA recognizes that these
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costs could prove very difficult to afford

for small systems. Exemptions may be

available through States to provide

small systems with additional time'to

develop financing for water treatment as
R descrlbed in sectlon V.12,

A Regu]atory Flex1b111ty Ana]ys1s

The Regulatory F 1ex1b111ty‘<Act
reguires EPA to consider the effect of
‘regulations on small entities, 5 U.S.C.
602 et seq. If there is'a s1gmficant effect
on a substantial number of small
entities, the Agency must prepare a
Regulatory Flexibility Analysis which
describes s1gn1flcant alternatives that
would mrmmlze the impac ‘on small

proposed radxonuchdes rule’on- small
witersystems is in chided i iy the RIA
supporting tt is ru ini
has determmed that
11‘

_ been subnutted for appr
'Office of Management
(OMB] under the Pape

document has been pr
{ICRiNo. 0270] and a ¢
obtained from/Sandy F
Informatlon Pohcy Bran

proposal
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Liquid Scmtlllatmn EMSL/LV, (Iune
91) [EPA, 1991q] ‘
;}ronmental Protection Agency
morandum Déloatch to Helms, PQL
essments for Radionuclides. (]une 13,
) [EPA, 1991r] .

U.S. Edvironmental Protection Agency. IRIS
Print-out for Uranium (soluble salts);
Revised 10/1/89. (June 14, 1991} [EPA,
1991s]

Us.

' Umted Nation’s Smenhﬁc Co

" U.S.-Geological Survey (USGS). Methods for

Determination of Radioactive Substances

. in'Water and Fluvial Sediments, Book 5,
Chipter A5, in Techniques of Water-
Resources Investigations of the USGS.
(1989) [USGS, 1989] -

United Nations Scientific Committee on the

Effect of Atomic Radiation (UN SCEAR}.

* Ionizing Radiation: Sources and
Biological Effects, Report to the General
Assembly. New York (1982), {UNSCEAR

. 1982

1ttee on the
Effect of Atomic Radiation [UNSCEAR]
Sources, Effects and Risks of Tonizing
.Radistion. Report to the General ‘
Assembly, New York (1988] [UNSCEAR
“1988]

Vitz, E. Toward a Standard Method for !’
Detenmnmg Waterborne Radon. ealth
Physics, vol 60, No. 6 pp. 817-829 (Juhe
1991) [thz, 1991] ’

o 8,
(1985) {Wrenn et al, 1985]

Appendlx A—Fundamentals of
Radioactivity in Drinking Water

To ass1st commenters, the followmg section
provides a summary of concepts and -
definitions involving radloactnnty The
definitions include thase in the‘Interim
Regulatlons along with several'additions, one
of which is being considered (i, cuﬂe] to be
added to 40 CFR 141. 2 E

Deﬁnitioﬁs ,

(&) Dose equivalent means the product of
the absorbed dose from ionizing radiation
and such factdrs which account for -
differencesin biglogical effectiveness due to
the type of radiation-and its distribution in
the body as specified by the International
Commijssion on Radiological Units and.
Measurements (ICRU). ot

(2] Rem means the unit-of doge equlvalent
from ionizing’ radlatlon to the total body or
any mtérnal organ or organ system Itis .
equal 6 the' absorbed dose'in rads multiplied
by & quality | factcr (to account for different
radiation type: rem ede: (Jeffecnve dose
equlvalent) : ed]usted for
differerit radiation types an

mea ured in an ahquot of an. evaporated
water sample,

(€} Man-made beta particle and photon
emifters. means all radionuclides emitting
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beta particles and/or photons that have been

... produced artificially and do not exist,
. -naturally..

{f) Gross beta particle activity means the

' total radloactnnty due to beta particle
_.emissions measured in a ahquot ofa

evaporated water sample. L
(3) BecquereI {(Bqlisa spemal unit of,

: radloactlwty in the international system of

units (SI). One Becquerel is equal to one
disintegration per second.
{h} Sievert (Sv) means the unit of dose

' equlvalent in the international system of

units (SI) from ionizing radiation to the total
body or any internal organ or organ system.
One Sievert equals 100 rem.

(i) Effective dose equivalent means the sum
of the products of the dose eqiiivalents in
individual organs and the organ welghmg
factor.

(§) Organ weighting factor means he ratio
‘of the stochastic rigk for that organ to- the
total risk when the whole body i is 1rrad1ated
umformly i
(k) Natural uramum means ura tim with

234, 0.7% uramum-235 aud 99, 2
238, ' o
() Activity means the nuclear a
transformations of a radioactive substance
which, occur ina speclflc time interval,

Fundamentals of‘ uc]ear Structure and
Radzoactlvzty

This section has been included fo provide
background information for those not familiar
i ear chemistry. It is writtenvin broad
al terms and some statements may

An atom consxsts ofa heavy concentratmn
of mass at the center (the nucleus]

surrounde by shells-of electrons in different
orbits. The primary constituents of the
nucleust are neutrons and protons. The
neufroris have no net electric tharge while
the ’protons have: alposmve charge :The
orbjtal electrons have a| inegative charge and
in the un-mmzed atoms are equal‘m} number

‘Since the atomic number and the chemical
symbol are synonymous, the nuniber of
protons is usually omitted in the -
nomenclature.

These radmnuclldes decay by emission of

“alpha and beta particles and gamma rays. An

alpha particle, the heaviest nuclear radiation,
consists-of two protons»and two neutrons. (A
proton or neutron is about 2,000 times as .
massive as an electron.] A negative beta
particle is an relectron emitted: from the
nucleus as a-result of neutron decay An
electron.can be “created” and: gjected from a
nucleus by ameutron: decaying into a proton
{hich remains'in the nucleus) and an
electron {which is e}ected as.a beta particle)
and also @ peutrino. As'a result of this
process;the nucleus has one more proton and

protons..
Bet: decay tauses the atomlc number to
by one. Beta decay can be: described
as d neution inithe nucleus| cénverted to a
proton ‘An example of b ta decay is radium-
228xuvy ch‘ decays to. act

\ o

Radmm ZZB—» Actm1um°228+beta
parhcle
'I'he atomic numbers are 88 for Ra and 89
for Ac {the beta decay descrlbed here is the
negatwe kind). The atcrmc numbers‘ and
ass numbers halance in this
n smce the atomlc number for an

electron is —1. and its atomic mass number is -

Zero., Gamma decay chahges nelther the
atomlc jumber' nor the element ‘it only
olves a losswof energy

Not; 41l atoms are equally stable 4nd
drfferent isotopes characterlstlcally\l decay at
chffereut rates., The concepl of half hfe is

ices.. The! alfwllfe of an; 1sotope is the
time required for'one half of the atoms
present to decay. Half lives can rarge from

"

billiom of years ar more (the half life of
uraniufn-238 is 4.5 X 10° years) to mllllonths of
a secofid (the half life of polonium-2i4 is -
164X 10~ sec) and even less. For éxample,
the half lives of radon-219 and radon-220 are .}
too short to survive transport through a.
drinking water. distribution system.

Atomic fission occurring in a nuclear-
reactor can also cortribute radioactivity to .
drinking'water, if by-products are released.
‘This process, the source of immense energy,
is triggéred by adding a neutron to certain
nuclei. The phenomehon occurs for heavy.
‘nuclel, )the classical gxamples being isotopes
of uranium’ (u.ramuml-235] ‘and plutonium
(plutomum—ZBS] When: -a.neutron is added,
each of these isotopes breaks-intotwo :
roughly equal parts Each of the parts (called
fission fragments) is:itself a radioactive
nucleus and decays through a sequence of
1sotopes by beta and gamma decay.

j ‘ ¢h as mgfl, micrograms/
d to describe:the
rmkmg water.of

| hazardous stibstances.
que pmpertles cf

much energy
rbed dose).

‘ ‘, [‘utemational
e?fBecquerel

1 db‘se is called
ent to one
ergy) in one
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Greek, prefix & abbreviation Value " Descriptipn
| ' - notation
mill—m.... } 1/1,000 108 One part per
‘ ‘ : ) < ‘ . thousand."
micro—Greek m... ; ) © 11/1,000,000 . 107% One part per million.
nano—n 1,1,000,000,000 10~%  One part per billion.
pico—p 1/1,000,000,000,000 10712 -
femto—. 1/1,000,000,000,000,000 10715
40-18

u

Thus 1 pxcocune isa mllhonth mllhonth of
a curie and is abbreviated 1 pCi. Also1
millirad (1 mrad) is one thousandth of a rad.

Because of the particle mass and charge,
rad deposued in tissue by alpha particles

. creates a more concentrated biological
* damage tHan'1 rad of gamma rays. To

compensate for this difference in demage and
subsequent effect, 8 new unit was created—
the rem. This;is called the dose eqmvalent.
The absorbed dose is ; measured inirads and
the dose equxvalent is measured in rems.
The rad and rem are related byd quahty

factor asifollows: .

Number of rems=Q times, the number of rads
Where Q is the quality factor ‘which has
been asmgned ﬂle following value:'
Q=1 for beta particles and all
electromagnehc radxatlons (gamma rays

Q= 10 “forr’ ‘eﬁtrons from spontaneous ﬁssmn
and. f9r protons : T
Q=20 for alpha pamcles and fissmn .
fragme g -
The quallty factor is meant 1o
apprommately accourit for-the relatlve harm

"
|

‘Intematlonal System (ST} unit corréspondmg

to the rem is'the Sievert (Sv). One Sievert
equals 100 rem.

PENDIX B—BETA PARTICLE AND
Ve PHOTON EMITTERS .

"~ Nuclide " Ch (pGirliter)

H-3... -t 6.09E+04
(=13 SOOI 4.35E+Q4
N-13..... . ] 1.52E+405 ,
C-11 - pesesessaser *9.92E 404
C-14. fonrle reeverrineinieiesiionnd] 3.20E403
Cc-15 bereiennnted '6.69E+06
0-15 4.95E+05
F-18 3.95E+04
NA-22........ . reres], 4:66E 402
NA-24 et +3.35E+-03
si-31 oo 1.0264-04
P-32 ] B.A1E4-02
P-33 : . .| 1.87E+083
S-35 ; ‘ 1.29E 404
‘CL-36......... evrresenssresinernasiins] . 1.85E£03
CL-38 Leiernnnionnse| 212E4-04
K-42 it 3:90E-03
CA-45.... 1.73E4-03
CA:47 | 8.46E +02
. SC-46 . | 8.63E4-02
SC-47 s 2.44E4-03
SC-48, ‘ rreereedeinnesennn] 7.66E 402
V2T ST : 6.44E4-02
CR-51 3.80E+04
MN-52 7.33E402
MN-54 2.01E4-03
MN-56 5.64E4+03
FE-55

9.25E+03

PPENDIX B——BETA PARTICLE AND
‘ ‘PHOTON EMITTERs-—Contmued

e

o APPENDIX B—BETA PARTICLE AND
| | .PHOTON EMITTERS—ContInued

! Nuclide” c (le/ liter) ~Nuclide "Ch (pCi/liter)
8.44E+02° RH-106. 1.24E+06
4.87E403 . " PD-100, - 1.30E+-03
1.59E+03 PD-101 | 1.34E4.04

| BASE+04 PD-103. -.| 6.94E4-03
54 218E+02 { PD=107 3.66E404
2.70E+-04 . PD~109:. | 212E+03
9.91E-+403 AG-105..... | 2:70E+03
8.81E+03 ‘AG-108, 6,26E4-05
1.19E+04 AG-108M 7.23E+4+02
| 3.g6E+02 AG-1 oQMu .| 1.67E4-07
6.31E4-04 AG-110.. | 1.84E+-06
4,226+03 AG—~110M . | 512E402
7.02E4+03 Fone 1.08E+03
1.19E4-03 : || 2.27E-+02
.| 436E+05 CD-115! | 9.58E402
;| 7.85E+03 CD-115M 3:30E-02
1.41E4-03 1 |N-113M 5.24E04
.| 1.06E--03 IN-174... 9.76E405.

4.33E+03 IN-114M... 3.23E+02
5.74E+02 | 351401
| 3.15E+03 1.64E 404
| 4.36E4:05 1.74E+03
4.85E4-02 | 6.06E+03
5.01E{02 2.96E+03
2.91E104 | 4.46E-+02
527E+04 2.93E 402
2. 41E4-02 .| 8.10E402

2, 83E+03 5.63E402 |
: - 1.94E4-03
x | 5. 44E+02
.| 4. 20E+01 ‘ | 5.85E-1+-04
2, 16E+03 ‘ 8. 18E+02
10E- 3.09E+03
149E 403
| 7:92E.1 03
8.63E+02
2.72E+04
5.24E4+02
2.68E4-04
9.71E+02
580E+02
211E4-05
1,07E+04
2 45E 1.51E4-02
2 ng+03 8.10E+01
2.35E404 - 2.10E+01
1.37E4-06 1.19E4.03
1.83E4-03 1.08E-+02
697E+04 , 8.19E403
| 312E+03 '5.49E +-02
2.05E+03 2.14E +04
1.76E+05 2.34E+03
3.25E+-04 2.28E4.04
4, 8.13E4+-01
1.04E+05
7.94E+02
5.18E+02
1. 19E+02
J X 2.56E +04
2.08E+02 3A-1 2.95E+03
4]71E+05 BA-133 ‘1.52E+03
372E403 BA-133M 2.62E+-03
RH-105M 5.51E+06 BA-137M 2.15E+06
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PHOTON EMITTERS—Continued

6 52E+02

1 5. 05E +02
‘5.75 E402

Ch (pCi/J|ter) Nuclide Ch .(pCi/liter)
' 1.38E+04 RA-225 9.14E+00
5.82E402 RA-228

| ‘William K. Reilly, """

. Admmlstrator, Envu’onmenta] Pmtec on
“‘Agem‘?y« : o -

Cm (pCi/liter)

| 1.06E+02
{194E4+03
| 2:05E+05
{ 1.40E+01
1.15E+14
8.03E+12
243E4+11
J 9.17E+09
7.38E4-07
9.50E+04
5.74E+08
4.50E+04
3.21E+01
| 5.46E+01
2.07E+01
1:85E +02
6.62E+02
| 1.53E+02
.| 5.45E+01
8.27E+01
9.18E+01

| 2.50E +01
2.65E4-01

2.74E+01
2.62E+01
o 7.19E4-00

6.49E+01
6.49E+01
6.83E 401
7.02E+00
| 6.45E400
8.66E+03
6.49E+00
1.45E+02
8.47E+-00
1.00E 401
6.35E+00"
6.38E+400
6.93E+-00
1.71E+00
.| 1.70E+01

ssume 2 liters daily intake of wat;é .

lel
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APPEND!X'B—TB‘ETA PARTICLE AND, fnst 'of Sub]ectsmm‘hﬂ CFR Parts 141 and

142

Chemicals, Reporting and record
keeping requirements, Water supply,
Admlnlstratwe practice and procedure.

Dated June 17, 1991.

"'Fof the reasons set forth in the

" preamble, title 40 of the Code of Federal

Regulations is proposed to be amended
‘a3 follows ‘

PART 141—NATIONAL PRIMARY

"

' DRINK NG WATER REGULATIONS

2 Seotlon 141 2 is amenc
j m alphabetlcal order, : & def

Ad]usted gross a]pha Ad]u ed gross
alpha is definedas the resul of &.gross
alpha measurement, 1ess T mm-ZZG and
less uranium. Radon igir
adjusted gross alpha.

L " ‘ .

'3, Sectlon 141 15 1s amen ed‘ by

revising the,u‘itroduot ‘}y text toiread as
follows: ‘ s

§ 141.15 Maximum contaminant levels for
radium-226, radium-228, and gross alpha
partlcle radloactlvity in community ‘water
systems ‘

The following are the maximum
contaminant levels for radium-226,
radium-228, and gross alpha particle
radioactivity, which shall remain’
effective until [insert date 18 months
after publication of the final rule'in the
Federal Register];

* * * * vk

4. Section 141.16 is proposed to be
amended by adding mtroductory text to
read as follows:

§141.16 Maximum contaminant fevels for
beta particle and photon radioactivity from
man-made radionuclides in commumty

‘water systems

The followmg maximum contaminant
levels shall remain effective until [insert
date 18 months after publication of the
final rule in the Federal Register];"

* s. * * * *

"5 Sectlon 141.25 is amended by’
reVISmg the section to read as follows:
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§ 141.25 Sampling and anaiytlcal methods

for radionuclides.

The current analytlcal methods
outlined in § 141.25 and the momtomng
requirements in § 141.26 shall remain
effective until [insert date 18 months

. after promulgation of the final rule].
After that date, the monitoring and
analytical methods specified below will

SRS

and non-transient, non-commumty
‘water systems shall conduct monitoring
to determine comphance with the ‘
maximum contaminant levels specified
in. § 141.64 in accordance t
iEn sectlon ‘
{a) Momtormg shall be com ucted as
fallows, PR ‘

the samplmg pmnts whrch may vroIate

be effective. Community water systems -

one of the MCLs Any folwow-up samples
must be taken within 14 days at each
sampling point included inithe
‘composite. Sariples must be analyzed
for the contaminants which were -
detected in the composite sample.,
{5) The frequency of monitoring for

radon'shall be in accordarnce with

. paragraph (b) of this section; the .

: ‘frequency of- momtormg for radium-226,

radium-228, uranium, and adjusted:gross

‘alpha shall be in accordance with
paragraph (c) of this sectlon' ‘and the
. frequency of monitoring for beta and
photon’ emitters shall be in accordance
with paragraph. (d): of this section.
- (b) The frequency of monitoring
conducted;to determme comphance with

monitored qu terly inithe initial
annual testing in
ear of the first

ystems: shall
ewous analytrcal

completed.
The State'may grant a waiver if the
e determines that the system is
bly and ponsnstently below the

, based.on'a consideration of the
fi ‘1ow1ng factors: ¥
(i} Potential radon contaminatien of
water source dueé to the geological
chiaracteristics of the area Where the
wgter’ sourceis located. -

(u] Previous analytical results.

(5) A condition of the waiver shall
require that a system take a minimum of
1 sample every three-year compliance
period.

(b ] of fhls tion,v; prov1ded that they -

B)A waiver remains in effect until
the completion of the: nme-year
comphance cycle, Systems not réceiving
a waiver must monitor in accordance

- with the provisions of paragraph (b](l)
. of this section.

(7] A decision by the State to grant a

waiver shall be made in writing and
shall set forth the basis for the

; detezmmatlon The determmation may
‘be'initiated by the ‘State or. upon an
_ application by the: pubhc ‘water system.

The public water system shall specify
the basis for-its request. The State shall

‘review and, where approprlate, revise

its determmatmn of

water source, and

(i) Prevxous analytlcal results.

(4) A condmo,n bf the waiver shall
require that a system take a minimum of
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" one sample during the effective penod

- of the waiver. The term during which the
- waiver is effective shall not exceed one

. nine-year compliance cycle.

(5) The State may grant a waiver

I provrded water systems have monitored

annually for at least thrée consecutive

.years. (At least one sample shall have

‘been taken since January 1, 1990.) Both
surface and groundwater systems shall
demonstrate that all previous analytlcal
results were less thati the maximum
contaminant level. Systems that use a
‘new water source are not ehglble fora

‘waiver: unnl three copsecutwe annual

samples from the-new source. have been
collected and ‘analyzed. -+ .
(6] A decision by the |

its determmatx

monitoring freque;
submits new mon
other data rele
appropnate
become avai
(7) Systems \

begm momtormg w1thm one quarter
after: bemg notified by the State that the
system is vulnerable. Existing
vulnerability determinations by the
State shall remain effective until the
State reviews and either reaffirms them
or revises them.

(2) Systems determmed to. be
vulnerable may not apply to the State
for a waiver from the momtormg
frequenctes specified i in paragraph {d)(1)
of this'section.

(3} If the gross beta partlcle act1v1ty
exceeds 50 pGif1, an analy31s of the
sample must be performed to- 1dent1fy
the major radloactlve constituents
present in the sample'and-the '
appropnate doses shall be. ca ulated

41 64 .‘usmg appendnc B, l[msert
final Federal Reglster]

ed, b ( averagew of 3
V. mp\_s, that "the Mb

h paragraph (h) tpf this
) have the discretion to
delete resy ’ds of obvigus sampling or
. ‘ :,may require more
frequent njonitoring than specified in
paragraphs [b) i (c] and (d) of this

i

' uramum, and beta and photon emitters

Measured levels of trltlum and strontium |

at its dlserehon D
[g] Systems may’ apply to the State to
y f

(h) Comp nce with §§ 141.15 141.18,
and 141.64 (as appropmate] shall be
determmed based on the analytical
result ] obtained at each samplmg
poiiit, '

(1) For systems which are conductmg
mofitoring at a frequency greater than
annual, compliance with the‘maximum
contaminant levels for radon, radium-
226, rad1um—228 adjusted gross alpha,

For systems whlch are momtormg
y, or less frequently, the system
f c:omphanc th the maxunum

will be: bas e d on the average
0 amples P
bhc wathr system has a
arable from other
fth {ri] ll system ‘with no
onnections, only those parts of the

that, exceed the'f@\dCL need to

T | ystem has a
arable from other

p
mterconnechons, tHe State may allow

the, system o give publict notice to only
the ‘area served by [that ‘portlon of the
systém f com

[]J Radlonuchdesuarr ysis:

{1} Analysis for ra adlum—226
rad1um-228 adjusted
uranium, and beta dnd hoton emitters
sha 1 be conducted usmg the followmg
methods : ‘
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PROPOSED‘METHODOLOGY FOR' RADIONUCL!DE CGNTAMINANTS s

‘ Co ", v . ' \Reterence (method or page number) )
Contaminant | Msthodology : P '
EPAL | EPA 2 EPAS | EPA* SM s ASTM s USGS ? DOE 8 Other
Naturally. ‘
“occurring Lo ) . . o
Gross alpha and | Evapdration .. .900.0 .| 00-01...} p. 1 iD 1943—81 S R-1120-76 ...
betar I Co T
Gross alpha, : 00:02... S5 R Ve
+ Radium 226 | Radon 19031 Ra—03 | 7600-Ra B.....| D 3454-86 ..............| R~1141-76
. emanation. S Yo L ) :
.Radiocheniical...; '~ '903.0 [...l.. { Ra-05 ‘ ‘
Radlum 228 - R‘adiochemic‘al....; 9040 [ ..| Ra-05... 7500-Ra D* ... .| R~1142-76
; . séintilation. f‘
‘ St Lucasmatl ” | .
'908.0 e : s 7500-U B .......| D 3972-82 e ‘ i
Fluorometrijc..' - 908.1 feos .| 7500-U C........ D 2907-83 .ocvcecernrr] B=1180-76.....1¢
T { : ‘ 1 R-~1181-76...
Alpha " : : 00-07... p.-33...... : R~1182-76.....
spectrometry : - :
Re dloactive ‘*‘ Precrprtatron.. ’ " 901.0 | pp. 4-5 |- }on] 7500-C5 B oo R~1110-87 ....., ’E-C§-01.' .....
lgesium., ] i o . ’ 1. s "
‘Radicactive. 1 *Precrprtatron..‘...«, 902.0 . 01 ......) )| 7500~ B.........| D 2334-88
. 1.n)drne . ' ) B - o }
Radloactive Precuprtatlon ........ i 905.0 | pp. 29-33... | 7800-S1 B ...oo.fererenannen [ weeen] R~1160-76.
“strontmm 89, ‘ ";:' T : '
1. Radiochemical {.pp..108-114 . . W . o E-Sr~01.......
Liquid - ¥ 1906.0 |.pp. 34-40 i[ 7500-3H B..... D 2476-81 (87) ...ico] R=1171-76 it
|, scintillation. N 1a. o ' Cod U
| Gamma ray T80T D-3649-85...cu0umivenn| wwersse| 4.5.2.3.
A ‘Spectrometry." ) [ R

Prescnbed Procedures for Measurement of F(adloactlvlty in Dnnkmg Water ;" EPA-Environmental Monitoring and Support Laboratory, Glnc‘mnatl OH (EPA—GOO/
4 80—d$2 August 1980. (EPA, 1980).
“Interim Radiochemical Methodology for Drinking Water,” EPA=600/4-75-008, March 1976. {EPA, 1976)
: Eastern Envrronmental Radiation Facility, Monigomery, AL 36109, "Hadlochemrcai Procedures Manual,” EPA° 520/5—84—006, August 1984, (EPA “1984a).
‘ ,‘Hadlochem Analytical Procedures for Analysis of Environmental Samples,” EMSL-LV-0539-17, March 1979. (EPA, 1976b).

“Standard Methods for the Examination of Water and Wastewater,” 17th edition, American Public Health Assocrahon ‘American Water Works ‘Association, Water
Follutron Control Federatlon. 1989. (APHA, 1989).
1989 Annual Book of ASTM Standards, Vol. 11 02 Amencan Socnety for. Testrng and Matenals, 1916 Race Street Phlladelphra Pa: 19103, (ASTM 1989)
Methods for‘Determination of Radioactive Substanoes |n Water and Fluvial Sedrments Book 5, 1989, Techniques of Water-Resources investigations of the

: Umted 'States Geologrcal Survey, Chapter A5. (USGS,. 1989).

18 Envrronmental Measurements Laboratory, U.S. Department.of Energy “EML PROCEDURES MANUAL, 27th edition.” (DOE, 1990).
“Determination :of 228 Ra and 228 Ra (Ra—02) Radlotogrcal Sciences lnstntute Center for Flesearch—New York' State Department of Health, January 1980
(Réviséd June 1982)..(NY State. DOH, 1982).

i 110Determination .of Radium 228 in Dnnklng Water,” State of New. Jersey—-Department of Envrronmental Protection—Division of Environmental Quahty—-Bureau
of' Radlatlon and Indrganic Anaiytlcal Services, August 1990. (NJ DEQ, 1990).

. u‘Method 913-—Radon in drinking water by Irqmd scintillation; Environmental Monltormg and' Support Laboratory, Las: Vegas, NV. (EPA 1991d).

12“Appendnx D, Analytical Test - Procedure, “The . Determlnatlon of Radon In .Drinking “Water,” p. 22, Two Test Procedures for Hadon In Dnnklng Water,

Irit aboratory Coltaboratrve Study, EPA/600/2-87/082 March 1987. (EPA 1987e). R

dv

(2) Sample collectlon for radon, ~ _emitters under thrs section shall be holdlng time procedures spe01f1ed in the

radium-226, radium-228, adjusted gross ‘conducted using the sample table below.
and maxunum

alpha, uranium; and beta and photon preservatlon, contamer,

ETEEE

Sampling handling, preservation, hotding dimes o . Cen o ‘Maximum

— ‘ — — ‘Containérz | holding

Parameter ’ Preservative* ~ . : - o time 3

- Gross alpha i :5..| Conc. HCl or HNO;, to pH <2 4 T ‘ PorG B RT——: i 6 months.

Gross beta : . i|-Conc. HG1'6r HNO; topH <24 . et PorG. o : ; eeereirieenneed 6 TIONEHS.

Radium-226 ; ' .4 Conc. HCI or HNO;s to pH <2 ecenreosresessrsssean PorG ﬁ - . '6 months.

Radium-228 L ) : Conc. HCl or HNOs to pH<2 ... S PorG ' 6 months.
Radon-222 5 ‘~ ) -Cool 4°C. .. . reeent Glass with Teflon-hned septum 4 days

Uranium natural...... ... ... .} Cone. HCI or HNOa topH <2 . i PorG. 6 months.

Radioactive Cesium :x.| Conc. HCl to pH <2 PR oo PorG v -] 6 months.

Radioactive Strontium ...{.Cone. HCI or HNOa to pH <2 : . PorG . ST . 6 months.

Radioactive lodme - None - ersdiasae PorG - fuvene wromees| 6 months.

Tritium ‘ . fusperaseest None T -~ G . - ‘seenee| 6 MONLS.

Photon emntters . irenerenentd ..., Conc. HCl or HNOa to pH: <2 . . " Por G o 6 months.

L ' (All except radon-22 samples) Itis recommended that the preservatlve be added to.the sample at the trme of collectron unless suspended solids activity is to
beimeasured. However, if the sampte ‘must be shipped 'to:a laboratory or storage area, dcidification of the sampte (in its ong:nal contamer) may, be delayed for a
penod not to exceed 5 days. A minimum of 16 hours must efapse-between acidification and' analysis: !

2 P—Plastic, hard or soft; G=Glass, hard or soft.

ke S U O R UU VSO S
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3 Holdmg time is defined as the penod from time cf sampling to time of analysis. in all cases, samples should be 1
4 |f HCY is used to acidify samples which are to be anaiyzed for gross alpha or gross beta activities, the scid sall

transfer of the samples to planchets.

- 5The procedure of a positive pressure, collection in. 60-mi

as soon after collection as possible.
must be converted to nitrate salts before

glass bofties is to be followed. This procedure is "described in*appendix C, NIRS Sampllng

tnstructrons-v-ﬂadon, p. 26 Two Test Pracedures For-Radon In Dnnkmg Water, interlaboratory Col(aboratrve Study, EPA/600/2-87/082 March 1987.

{3). Analys13 under this section shall
only be conducted by laboratones that
d

apal ses th the following

acceptance m

'“,"Aeceptance Limits 1

| £30% at >§ pCi/l.
i:=+50% at >5 pCiA.

i +30% at >5 pCi/l.
+30% at_> 300 pCi/l.
#+50% at > 15 pCi/l. -
+30% at >30 pCi/l.
+30% at >10 pCi/l.
+20% at >20 pCi/i.
- #30% at >5 pCi/l.

Reldium-226...
Radtum-zzs
Uramum
Radon-222 2
Gross alpha e
Gross Deta em ‘ers' ‘
Radloactwe Cesrum w
Hadloactrve Iodme .....
Radloactwe Stmmrum
total, 89 and 90

+20% at > 1200 pCi/i.

i Acceptance Yieviits based on 100 mmute ‘count.
2 Radon -acceptance limits based on 4 day
elapsed time from sampie collectlon to analysrs

6. Section § 141.32 is amended by
adding paragraphs (e)(77] through {82),
to read as follows: ., -

§ 141.32 Public notification.
£ w0 g P *

*‘k*

{e)

(77} Radon The United States
Environmental Protection Agency (EPA)
sets drinking water standards and has
determined.that radon is of health
concern at certain levels of ‘exposure.
Radon is a naturally occurring
radicactive contaminant that occurs in
ground water. It is a gas, and is released
from water into household air durmg
water use. Radon has been found in
‘eprdemxology studies to cause lung
cancer in humans-at high exposure
levels; at lower exposure levels the risk
of lung cancer is.reduced. EPA has set
the drinking water standard for radon in
public water supplies at 300 picocuries
per liter (pCi/l) to profect against lung
cancer risk. Drinking water that meets
the EPA standard is associated with
little of this risk dnd is considered safe
for radon.

(78) Radium 226: The United States
Environmental Protection Agency (EPA)
sets drinking water standards and has

- determined that radmm 226 is of health
congern at certam levels of exposure

lemltters are prlmarlly naturally
occurring radioactive contaminanis, but
several denve from man—made sources.

to protect agzimst
water that meets
assoc1ated with 1

(79] Radzum 228: The U 1ted States
Envmonmental Prqtectmn"

fcer O exposure
Radxum 228isa; naturall ‘occurring

contaminants-ass
operation of nucleg
" facilities using ra

research or manu

one 'C

sk of b occurring. Beta a)
expected:to ocounf
water. Beta and plﬁy]

beheved to cause },

the drmkmg watef,
photon emitters at
dose‘eqﬁivalent petive
to protect against i&q ;
water that meets {

assomated with ht

subpart E to read a:

§ 141.44 Special monit
radionuclides.

transient, non- commumty water system
“shall take one sample,at each sampling
point for lead-210 and report the results
to the State. Monitgring must be
completed by December 1996.
tems shall take a
at every entry
n system which is
well after
lled a sampling
(st be taken at the
nless conditions

treatment (hereafte
_point). Each sampl
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make another samphng point. more

representative. of each source or.

treatment plant. '
(¢) Surface water systems.

Note: For purposes of this paragrabh 5

surface water systems include. systems with a
combmatlon of surface and ground sources.

shall take a minimum of one sample at
points in the distribution system that are
representative of each source or at each
entry point to the distribution system
after'treatment (hereafter galleda

‘sampling: pomt) Each sample must be

taken at the same'sampling point tnless
condltrons make another samplmg point

- more representative.of éach soutce or

treatment plant Al

water representatr
bemg used).

m or non—
"y water system

radlonuchdes are as

: MCLG -
Radon 222 " . renraseeess| ZEMO.
Radium-226 ..........c... ‘ ‘ Zero.
Radium-228 Zero.
Uranium ; e ZETO.
Gross alpha emitters, ernes reenrio| ZETO.
Beta and: photon emltters .................. S ' S

9. A new section 141.64 is added to
subpart G to r lad as Tollows:

§ 141.64 Maximum contamlnant levels for
radionuclides.’

(a) The following maximum
contaminant levels for Radionuclides
apply to community and non-transient,
non-community water systems. The
effective date for these MCLs is [insert
date 18 months after publication of the
final rule in the Federal Register).

" (1) Radon-222
{2) Radium-226
(3) Radium-228

Contaminaqt N / " MCL

: 300 pCt/l

.| 20 pC|/t

20 pCi/l.

4 ‘Uranium:.. 20 pg/l

{5) Adjusted gross ‘alpha. .{-15 pGi/t. .

{6) Beta partlcle and photon 4 mrem ede/yr.2
emrtters ‘ o

! NOTE: 20‘ug/l ‘iraniom is appronmately equal to
30 pCi/l,
pCifug..
ing "on- the relative amounts of uranium-234, -235

and +238" that dre'present in.a sampte The MCL -

apphes to the. fotal mass of uranium in.the sample.
2 Note; The unit mrem ede/yr refers’ to the dose
commrtted over a period ‘of: 50 years 10’ reference

man' (ICRR 4975) from an annual intake at the rate ‘

of. 2 hters of r,dnnkmg water per day

(b The Adrmmstrator, pursuant-to
section 1412 ‘of the Act, hereby identifies
‘drcated 1n the table below the best

BAT FOR | PADIONUCLIDES L:sreo IN
C SECTION 141 64

Contammant N O BAT

[
Hadon:22é,...,...j. Aeratron Packed tower, spray, siat
P 1| "tray and other forms. °
- " Radiurti 226.......| lon':eXchange, Reverse osmosis,

Limie: softening..

Radium 228.....

lon: exchange, evé‘r_se osmosis,
Uramum (N) ........ y e OsSmOosis,
' ere,softenlng, ¢ agulation/fil-
B {7 tratior. '
- Alpha particle ‘Reverse osmosis. ‘;
emitters. i
Beta particle \ered bed ion exchange, Reverse
and photon ' ¢ osmosns

- ‘'emitters:

PART 142—-—NATIONAL PRIMARY
DRINKING WATER REGULATIONS
IMPLEMENTATIONS o

'1. The authority’ crtatlon for part 142
continues to read as follows: .

Authority: 42 U.5.C.,300g, 300g—1 300g-2,
300g-3, 300g—4,. 300g—5 300g—-6 300j-4,and
300§-9." - B

2. Sectlon 142.14 1s amended by
adding paragraphs (d)(lZ) and {d)(13}.

§ 142.14 Racords kept by States.
* * * S T
(d) * 'k *
(12) Records of any determination of a

" system’s vulnerability to contamination

from photon and beta emitters due to
their proximity to an emitting source or
use of source water influenced by a
source of radiation. The records shall
also include the basis for such
determination.

g an ‘activity-to-mass ¢onversion of 1.3 '
activity-to-mass ratio ‘can’ vary depend-

[13) Records of alI current momtormg
requirements and the most recent -
monitoring frequency decision
pertaining to each contaminant,

" including the monitoring results and
‘other data supporting the decision, the

State's findings baséd on the supporting
data and any additional bases for such
decision; records shall be kept in
perpetulty or'until a more recent

‘monitoring frequency dec1s10n has been

issued.. ‘
* 'k * H* * T

3.In§ 142.15 is amended by addmg a
new paragra {c)(B) t ;

§ 142.15 - Reports by State

* * * * *

{C) * Kk K

{5) The results of momtormg for the
unregulated contaminants in § 141.44
shall be reported within otfe quarter
after the December 1996 completion date
for momtormg lead~210 k
P ’k . % 3 .

4 Séction’ 142 16 is amended by
adding a new paragraph (f) to read as
follows: . , , .

§ 142.16 SPeciél" primacy requirements.

[ﬂ An apphcahon for approval of a
State' 'program revision for |
Radionuclides which adopts the
requirements specified in §§ 141.25,
141.32, 141.44, and 141. 64 must contain
the followmg‘ in ¢ ddrtlon 0 the general
primacy require ents enumerated
elsewhere in this part, mcludmg the
requn"ement that state régulations be at
leastias stringent d the federal
requirements):
.. (1) If a Stat

‘ ooses it 1ssue walvers

describe the procedures and criteria
which it will use to revrew Walver

in¢lude thé factors specrfled in

'§§ 141:25(b)(4) and 141125(&)(3).

(2) A State shall determine what
systems are vulnerable to beta and
photon emitting sources. States shall
specify the procedures they will use to
decide which systems are vulnerable.
Vulnerability of each public water
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, system shall be determined by the State
*‘based upon an assessment of the

following factors:
{i) Proximity of water, system to a
potentially discharging source, such as a

- nuclear power facility, or where there is
.. a commercial or industrial use, disposal,

.or storage of the materials; =~ |
(i) Previous monitoring results, and
(iii) Use of water influenced by a

\ nuclear power facility or other potential

discharger.
5. A new § 142.65 is added to subpart
G to read as follows

§ 142.65 Vanances and Exemptions from
the maximum contaminant levels for the
radionuclide contaminants tisted in

§ 141.64.

(a) The Administrator, pursuant to
section 1415(a)(1)(A) of the Act, hereby

- identifies the following as the best

technology, treatment techniques, or

, other means;available for achieving

comphance with the maximum
contaminant levels for the radionuclides
hsted in§ 141.64, for the purpose of
1ssu1ng vanances and exempt1ons

BAT FOR RADIONUCLIDES LISTED IN

§ 141.64
Contaminant . BAT’

Radon 222 I DT
Radium 226 revminins reedrinnnianene] 2,3,4.
‘Radium 228 . 2,34.
Uranium (N) : 2 3,4,5.
.Gross, alpha particle efmitters...

Gross beta partlcle and ' photon "3,6."‘

“emitters. ‘

Key to BATs in table Loy

1=Aeration: Packed Tower spray, siat tray and
other forms.. *

2=|on exchange.

3=Reverse osmosis.

4&Lime softenmg, except for systems serving 500

. or féwer connections.

5=Coagulation/filtration; except for systems serv-
mg 500 or fewer connections.
=Mixed bed ion exchange.

(b) A State shall require community
water systems and non-transient, non-
community water systems to install
and/or use any treatment method
identified in § 141:64 as a condition for
granting a variance except as provided
in paragraph {c) of this section. If, after
the system's installation of the treatment
method, the system cannot meet the
MCL, that system shall be eligible for a
variance under the provisions of section
1415(a)[1)(A) of the Act.

(c).If a system can demonstrate
through. comprehensrve engineering
assessment which may mclude pilot

plant studies that the treatment- methods
identified in § 141.64 would only achieve
a de minimis reduction in contaminants,
the State may issue a schedule of
compliance that requires the system
being granted the variance to examine
other treatment methods as a. condltlon
of obtainirg the variance. )

(d) If the State determines that a
treatment method identified in
paragraph (c) of this section is

'techmcally feasible, the Admlmstrator

or primary State may require. the system
toinstall and/or use that: treatment
method in connection with a compllance

' schedule issued: under the: provisions of

section 1415(a)(1)(A) of the Act. The
State’s determination shall be based
upon'studies by the system and other
relevant mformatlon

(¢ “The State may. reqmre a pubhc
water system to iise bottled water
{except. for radon] or other means as a
condltlon of. grantmg a variance or an
exemptlon from the requlrements of

§ 141.64; to avoid an- tinreasonable risk
to health. Granular activated carbon
point-of-use, devices cannot»be used as a
means of being granted a variance or an
exemption Tor radon,

6] Pubhc water systems that use
bottled water as a condition for
recelvmg a variance or an exemption

qui nts of § 141.64 must
mee the followmg requirements. Bottled
water cannet beused as a means of

* being granted a variance or an

exemption for & don

(1) The Administrator or primacy
State must require wand approve a
monitoring program ‘for bottled water.
The pubhc watér system must develop
and put in place a momtormg program
that provides reasonable assurances
that the bottled water;meets all MCLs.
The pubhc water system must monitor a
representatlve sample of the bottled
wate‘r“for all'co ta inants urider
reguldted § 141,64 1 he first quarter that it
supplies that bott led water to the public,
and annually thereafter Results of the
momtormg program .ghall be provided to

(2 The D / ater system must
rece ve a certlf atlon from the bottled

¥ ing in accordance
with 21 CFR 128. 80(g) (1) through (3);
and the bottled ' water does not exceed

any MCLs or‘ ‘uallty limits as sét out in

21 CFR 103. 35 110 and 129. The public
water system shall provide the
certification to the State the first quarter
after it supplies bottled water and
annually thereafter; and

{3) The public water system is fully
responsible for the provision of
sufficient quantities of bottled water to
every person supplied by the public

4
i

- water system, via door—to—door bottled

water delivery.

" (g) Public water systems that use
pomt-of-use devices as acondition for
obtaining a variance or an exemption
from NPDWRs for Radionuclides

. {except radon, as POU treatment is not

allowed for variances to the radon MCL)
must meet the following requirements:

(1) It is the responsibility of the public
water system to operate and mamtam
the point-of-use dev1ce

(2) The public water system must
develop a monitoring plan and ¢btain
State approval for the plan before point-
of-use devices are: mstalled for
compliance. This monitofing plan must
provide health protectlo xequivalent to a
monitoring plan.-for ¢ ntral water
treatment. ST

(3) Effettive technology must be
properly applied undér a. plan approved
by'the State. g

(4) The State must requlret,adequate
cert1f1cat10n of performance," field
testing, and if not id¢luded il the

certification process, 2 rigorpus
engineering design 1‘ev1ew of the'point-
of-use devices.

(5) The design and‘apphcatlon of the
point-of-use dev1ces must consider the
tendency for an increase in
heterotrophic bacteria concentrations in
water treated with actwated carbon. It
may be necessary to use frequent
backwashing, post-eontactor
disinfection, and Heterotrophic Plate
Count monitoring to ensure that the
microbiological safety of the water is
not compromised.

{6) All consumers. shall be protected
Eveéry building connected to the system
must have a point-of-use device
installed, maintained, and adequately
monitored. The State must be assured
that every building is subject to
treatment and momtonng and that the
rights and respon31b111t1es of the public
water system customer convey with title
upon sale of property

[FR Doc. 91- 16523 Flled 7-17-91; 8:45 am]
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